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ABSTRACT
Previous research has indicated that homeschooling is a growing trend within the
U.S. Previous research has also indicated that less than one half of students who begin a
STEM major at postsecondary institutions will complete their degree. This study sought
to look at the possible moderating effect homeschooling has on the academic
achievement and retention of STEM majors at a private, faith-based liberal arts college
using a modified version of Tinto’s Model of Student Departure.
Independent sample t-tests were used to compare means and intercorrelations of
homeschooled students and traditionally schooled students in unmatched and matched
samples for several academic achievement variables, retention from freshman to
sophomore year within a STEM major, and graduation within six years with a STEM
degree. Results demonstrated the importance of using matched samples as significant
mean differences changed when the matched samples were analyzed compared to the
unmatched samples. Results also demonstrated that homeschoolers scored means that
were higher than traditionally schooled students on all variables for both the unmatched
and matched samples, but the means were only significantly different for freshman GPA
Regression analyses results indicated that for all ACT scores were significant
outcome predictors for first year and graduation academic achievement, retention within
a STEM major from freshman to sophomore year, and graduation within six years with a
STEM degree, but high school type was not. The moderating effect of homeschooling on
relationship between ACT scores and these outcome variables was also assessed. The
only time homeschooling demonstrated a moderating effect was on the relationship of
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ACT scores as predictors of freshman GPA and ACT scores as predictors of freshman
GPA of STEM courses.
Regression analyses also found that freshman academic achievement values were
significant outcome predictors of graduation academic achievement and graduation
within six years with a STEM degree, but high school type was not. The only time
homeschooling demonstrated a moderating effect was on the relationship of freshman
GPA values as predictors of graduation GPA.
These results provide initial indication that homeschoolers are prepared for STEM
studies at institution of higher learning. However, more studies are needed for
verification.
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CHAPTER I – INTRODUCTION
Nature of the Problem and Rationale
In 2012, the President’s Council of Advisors on Science and Technology
(PCAST) recommended that an effort be made to increase the workforce of the Science,
Technology, Engineering, and Mathematics (STEM) sectors in the United States by
greater than 1 million over the following 10 years to enable the U.S. to meet the
continued demands of a first-world country and stay competitive with other countries that
continue to make advancements in these areas (Olson & Riordan, 2012). The problem the
U.S. faces is that increasing the number of individuals in the STEM workforce means
increasing the number of graduates from higher education, and this is not happening.
There is continued concern that retention and graduation rates of those who declare a
STEM major at the beginning of their postsecondary studies is too low to meet the
demand for the increased numbers required to maintain the growing STEM workforce
(Cromely, Perez, & Caplan, 2016; Green & Sanderson, 2017; HERI, 2010; Olson &
Riordan, 2012; Stets, Brenner, Burke, & Serpe, 2016; Trenshaw, Targan, & Valles,
2016).
While the need for more graduates with STEM majors is apparent, there is also
concern over the general lack of retention at postsecondary institutions. Research findings
and national surveys of retention at institutions of higher learning continue to show that it
remains low (Astin, 1975; Brier, Hirschy, & Braxton, 2008; Hadlock, 2012; Pascarella &
Terenzini, 2005; Tinto, 1993, 2006). The U.S. Department of Education, National Center
for Education Statistics (NCES, 2011) found that only 50.5% of the 2003-2004 cohort of
students who started at a 4-year institution graduated with a bachelor’s degree within six
1

years. A further study by the U.S. Department of Education, National Center for
Education Statistics (NCES, 2016) found that retention of the 2011-2012 cohort of
students who started at a 4-year institution was only 41.7% after three years. After all the
time and money spent on attracting students to attend, and despite all the research on
retention, these types of results for retention have stagnated (Tinto, 1993, 2006, 2012).
Tinto’s (1975, 1993) institutional Model of Student Departure provides a
framework that allows an institution to look at factors that affect student retention. His
model considers a student’s “pre-entry” attributes including their socioeconomic status
(SES), personal characteristics, academic experience, and educational goals prior to
beginning their postsecondary studies followed by their social and academic integration
once these studies begin. He notes that students will experience separation from their
home community to a college community and transition to new norms. After separation
and transition occur early in their collegiate experience, Tinto describes how students
must integrate both socially and academically to increase in their commitment to their
goal of degree attainment, and their commitment to their institution. An increase in
commitment by students should lead to an increase in their persistence and the
institution’s overall retention. Tinto also notes that some of these characteristics can be
used to describe “aggregates” of different student groups at an institution.
Homeschoolers provide such an aggregate group for a retention study since it is
expected that they will experience significant separation and transition from education in
a home environment to a collegiate setting. It is also worth noting that since most
homeschoolers do, at least in part, homeschool for religious reasons (Basham Merrifield,
& Hepburn, 2007; Gray & Riley, 2015; McQuiggan & Megra, 2017), it is possible their
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transition to a religious postsecondary institution will not be as stressful as compared to
attending an institution that conflicts with their religious beliefs.
Homeschooling, also known as home-based education, is an educational choice
made by an increasing number of parents in the U.S. over the past few decades
(McQuiggan & Megra, 2017; Ray, 2016; Redford, Battle, & Bielick, 2017; Snyder, De
Brey, & Dillow, 2018). It is estimated that as many as 3.5% to 4% of American children
are homeschooled (Isenberg, 2017; Kuntzman & Gaither, 2013; McQuiggan & Megra,
2017; Ray, 2016; Redford et al., 2017; Snyder et al., 2018). Surveys also indicate that
children are equally likely to be homeschooled in any grade from kindergarten through
their senior year of high school (Isenberg, 2017).
Research demonstrates that homeschoolers develop socially at least as well as, if
not better than, their traditionally schooled peers (Medlin 2000, 2013; Ray, 2005;
Smedley, 1992; White, Moore, & Squires, 2009; White et al., 2007), and that this carries
over into social integration at the collegiate level (Holder, 2001; Gloeckner & Jones,
2013; Sutton & Galloway, 2000; White et al., 2007). Research also demonstrates that
homeschoolers’ academic achievement, as evidenced by their high school grade-point
average (HSGPA) and scores on their college entrance standardized tests (usually the
ACT or Scholastic Aptitude Test (SAT)), are at the same level or higher than those of
their traditionally schooled peers (Bagwell, 2010; Clemente, 2006; Martin-Chang, Gould,
& Meuse, 2011; Ray, 2017a; Rudner, 1999). Like socialization, this academic success
seems to carry into their postsecondary studies (Basham et al., 2007; Bolle-Brummond &
Wessel, 2012; Cogan, 2010; Holder, 2001; Jenkins, 1998; Lattibeaudiere, 2000; Sutton &
Galloway, 2000) to the extent that even admissions officers expect homeschoolers to
3

perform just as well or better than those from traditional high schools (Gloeckner &
Jones, 2013; Kelly, 2015; McCulloch, Savage, & Small, 2013). Research also indicates
that high school type does not have a significant effect on persistence of homeschoolers
when compared to traditionally schooled students (Cogan, 2010; Jones & Gloeckner,
2004a; Litscher, 2015; Yu, Sackett, & Kuncel, 2016) or on four-year graduation rates
(Cogan, 2010).
While Tinto (1993) notes that both social and academic integration into the
postsecondary institution will affect students’ persistence, he also states that academic
achievement is the most important factor (1999). He wrote that “students who learn are
students who stay” (Tinto, 1999, p. 6). This implies that homeschoolers who exhibit
academic integration through academic achievement (grades/grade-point average (GPA))
are more likely to be retained than those who do not.
Purpose of the Study
Tinto’s (1975, 1993) institutional Model of Student Departure provides a valid
framework to guide studies of retention at the collegiate level and has been widely used
to do so (Pascarella & Terenzini, 2005). Tinto’s model is designed to be used at a single
institution to enable that institution to develop a plan to best help students persist (1975,
1993, 2012). According to Tinto, pre-entry attributes such as socioeconomic status (SES)
and academic experience students bring with them to their postsecondary institution are
part of what can be used to predict their retention. These attributes, combined with the
academic integration a student exhibits through his or her grades and GPA scores at
different points in time, can be analyzed for their predictive value for institutional
retention. While Tinto’s model has been tested for validity, suggestions and
4

modifications for improvement have been made (Brower, 1992; Braxton, Sullivan &
Johnson, 1997; Nora, Baslow, and Crisp, 2005; Pascarella & Terenzini, 1980, 1983;
Peterson, 1993; Stage, 1989). Research using Tinto’s model has demonstrated that a
student’s integration is important to retention (Pascarelli & Terenzini, 1983), but Braxton
and Lien (2002) make note that studies regarding the academic integration portion of
Tinto’s model may be better served by looking more specifically into such areas of
academics as a student’s chosen field of study. This would imply that application of
Tinto’s model as a framework to study retention within STEM majors at a postsecondary
institution would enable that institution to implement measures to increase retention of
STEM majors based on findings of data analysis.
Using this basic framework, it is the purpose of this study to add to the current
research regarding the academic achievement and retention differences between
homeschoolers and traditionally schooled students when comparing unmatched to
matched samples in STEM majors, the academic achievement and retention of STEM
majors, and to address the lack of knowledge regarding what predicts academic
achievement and retention within STEM degree studies based on high school type
(homeschooled versus traditionally schooled) for students attending a private, faith-based
liberal arts college. There are three primary reasons that support this purpose.
First, although studies have found that homeschoolers demonstrate similar or
higher academic achievement at postsecondary schools (Bagwell, 2010; Clemente, 2006;
Cogan, 2010; Holder, 2001; Jenkins, 1998; Yu et al., 2016), few studies regarding the
relationship of high school type to academic achievement at the postsecondary level have
used matched samples or controlled for other variables. Jones and Gloeckner (2004a)
5

matched samples using “criteria” but do not describe what the criteria are. Almasoud and
Fowler (2016) matched samples using only gender. Jones and Gloeckner (2004a) found
no significant difference in academic achievement between homeschoolers and
traditionally schooled students, but Almasoud and Fowler (2016) found that the mean
first-year grade-point average (FGPA) for homeschoolers compared to traditionally
schooled students was higher and significantly different. The other study that used a
matched sample was the one by Yu et al. (2016), and it was the most robust in that they
used several matching variables including gender, ethnicity, SES, high school GPA
(HSGP), and SAT scores. When academic achievement was compared between
homeschoolers and the overall sample of traditionally schooled students, homeschoolers
had higher academic achievement, but this disappeared when compared to a matched
sample of traditionally schooled students. Thus, a greater understanding is needed using a
robust matching process to see if the aggregate characteristics of homeschoolers help to
account for the appearance of their increased academic achievement in a postsecondary
setting.
Second, there is an extremely small amount of research that looks specifically at
high school type as it relates to retention at postsecondary institutions of any type (private
or public). Of those studies that have been done (Cogan, 2010; Jones & Gloeckner,
2004a; Litscher, 2015; Saunders, 2006; Yu et al., 2016), almost all have small sample
sizes and look only at freshman retention. The exception to small sample size is Yu et al.
(2016) who pulled data from the College Board database that allows for a sample size of
several hundred homeschoolers but does not provide findings specific to a single
institution. The exception to single-point-in-time studies is Cogan (2010) who looked at
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both freshman retention and graduation rates. Thus, it is important to look at findings
from a single institution with a large enough sample size than can provide data for both
the persistence of first-year students and graduation rates of STEM majors.
Third, there is absolutely no research that exists on the effect high school type
may have on the academic success and persistence of students majoring in a STEM
degree at a postsecondary institution of any type. Since secular postsecondary institutions
generally have a small number of homeschoolers as a proportion of their student body
when compared to private, faith-based, postsecondary institutions, it would be helpful to
perform an initial study at a private, faith-based, postsecondary institution that offers
STEM degrees and has a large enough student body to allow for valid sample sizes of
both homeschool and traditionally schooled students to be matched for comparison.
Research Questions and Hypotheses
1. Is there a difference between academic achievement (ACT scores, FGPA,
first-year grade-point average of STEM courses (STEM_FGPA), cumulative
grade point average at graduation (GRADGPA), cumulative grade point
average at graduation of STEM courses (STEM_GRADGPA), retention
(RET), and six-year graduation rates (GRAD) when comparing unmatched
and matched samples of homeschoolers and traditionally schooled students
who are STEM majors at a private, faith-based, liberal arts institution?
•

H1aum—Homeschoolers will have significantly higher academic
achievement grades and scores in the unmatched samples when compared
to traditionally schooled students.
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•

H1am—Homeschoolers will not have significantly higher academic
achievement grades and scores in the matched samples when compared to
traditionally schooled students.

•

H1rum—Homeschoolers will not have significantly different retention rates
in the unmatched samples when compared to traditionally schooled
students.

•

H1rm—Homeschoolers will not have significantly different retention rates
in the matched samples when compared to traditionally schooled students.

•

H1gum—Homeschoolers will not have significantly different graduation
rates in the unmatched samples when compared to traditionally schooled
students.

•

H1gm—Homeschoolers will not have significantly different graduation
rates in the matched samples when compared to traditionally schooled
students.

2. Can ACT scores and homeschooling predict first-year academic achievement
(FGPA, STEM FGPA,) for STEM majors at a private, faith-based, liberal arts
institution?
•

H2—ACT scores and homeschooling can positively predict first-year
academic achievement for STEM majors at a private, faith-based liberal
arts institution.

a. Is high school type a moderator of the relationship between ACT scores
and academic achievement for first-year STEM majors at a private, faithbased, liberal arts institution?
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•

H2a—Homeschooling will have a positive relationship to the predictive
effect of ACT scores on academic achievement for first-year STEM
majors at a private, faith-based, liberal arts institution.

3. Can ACT scores and homeschooling predict college retention of freshman
STEM majors to their sophomore year at a private, faith-based, liberal arts
institution?
•

H3—ACT scores and homeschooling can positively predict retention of
freshman STEM majors to their sophomore year at a private, faith-based,
liberal arts institution.

a. Is high school type a moderator of the relationship between ACT scores
and freshman retention for STEM majors at a private, faith-based, liberal
arts institution?
•

H3a—Homeschooling will have no relationship to the predictive effect
of ACT scores on retention for first-year STEM majors at a private,
faith-based, liberal arts institution.

4. Can ACT scores and homeschooling predict six-year college graduation
academic achievement (GRADGPA, STEM_GRADGPA) for STEM majors
at a private, faith-based, liberal arts institution?
•

H4—ACT scores and homeschooling can positively predict six-year
college graduation academic achievement for STEM majors at a private,
faith-based, liberal arts institution.
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a. Is high school type a moderator of the relationship between and ACT
scores and college graduation academic achievement for STEM majors at
a private, faith-based, liberal arts institution?
•

H4a— Homeschooling will have a positive relationship to the
predictive effect of ACT scores on college graduation academic
achievement for STEM majors at a private, faith-based, liberal arts
institution.

5. Can ACT scores and homeschooling predict six-year graduation rates of
STEM majors at a private, faith-based, liberal arts institution?
•

H5—ACT scores and homeschooling can positively predict six-year
graduation rates of STEM majors at a private, faith-based, liberal arts
institution.

a. Is high school type a moderator of the relationship between ACT scores
and six-year graduation rates for STEM majors at a private, faith-based,
liberal arts institution?
•

H5a—Homeschooling will have no relationship to the predictive effect
of ACT scores on six-year graduation rates for STEM majors at a
private, faith-based, liberal arts institution.

6. Can FGPA and homeschooling or STEM_FGPA and homeschooling predict
academic achievement at graduation (GRADGPA, STEM_GRADGPA) for
STEM majors at a private, faith-based, liberal arts college?
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•

H6F—FGPA scores and homeschooling can positively predict academic
achievement at graduation for STEM majors at a private, faith-based,
liberal arts college.

•

H6S—STEM_FGPA scores and homeschooling can positively predict
academic achievement at graduation for STEM majors at a private, faithbased, liberal arts college.

a. Is high school type a moderator of the relationship between FGPA or
STEM_FGPA and college graduation academic achievement for STEM
majors at a private, faith-based, liberal arts institution?
•

H6aF— Homeschooling will have a positive relationship to the
predictive effect of FGPA on college graduation academic
achievement for STEM majors at a private, faith-based, liberal arts
institution.

•

H6aS— Homeschooling will have a positive relationship to the
predictive effect of STEM_FGPA on college graduation academic
achievement for STEM majors at a private, faith-based, liberal arts
institution.

7. Can FGPA and homeschooling or STEM_FGPA and homeschooling predict
six-year graduation rates of STEM majors at a private, faith-based, liberal arts
institution?
•

H7F—FGPA scores and homeschooling can positively predict six-year
graduation rates of STEM majors at a private, faith-based, liberal arts
institution.
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•

H7S—STEM_FGPA scores and homeschooling can positively predict sixyear graduation rates of STEM majors at a private, faith-based, liberal arts
institution.

a. Is high school type a moderator of the relationship between FGPA or
STEM_FGPA scores and six-year graduation rates for STEM majors at a
private, faith-based, liberal arts institution?
•

H7aF—Homeschooling will have no relationship to the predictive
effect of FGPA scores on six-year graduation rates for STEM
majors at a private, faith-based, liberal arts institution.

•

H7aS—Homeschooling will have no relationship to the predictive
effect of STEM_FGPA scores on six-year graduation rates for
STEM majors at a private, faith-based, liberal arts institution.
Delimitations, Limitations, and Assumptions

It is important to recognize the delimitations and limitations of this study at the
outset to provide understanding of the limited generalizability of this study. Since this
study is designed to enable a specific institution to recognize potential areas of weakness
that influence lack of retention among students majoring in STEM degrees, the findings
may not be applicable to other institutions. While multi-institution studies increase
overall generalizability of the findings, this study adheres to the reasoning used by Tinto
(1997, 1993) where the findings from a single institution study can be used to implement
changes to increase retention among STEM majors at that institution.
Also, while the student body at this institution is national in its representation of a
student body from all or almost all 50 U.S. states each year, and international in the
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number of other countries represented in the student body, it is still a student body that
has selected to attend a private, faith-based, liberal arts institution in the southeastern
U.S. which sets this particular student body apart from studies done at similar schools. To
a certain extent, then, the students for this study are self-selected based on their choice to
attend this particular institution, and it is understood that they may have certain
characteristics (such as higher overall religiosity) that set them apart from postsecondary
students that elect to attend a different school.
Finally, it is assumed that the information given by a student on their application
for entrance into this institution is accurate and that it has been accurately entered into the
school’s database. It is also assumed that students who indicate they are homeschool
graduates fit the definition of a homeschooler for this study.
Definitions of Terms
1. First-year grade point average: The cumulative institutional grade point
average after a student has completed one academic year in college (Litscher,
2015, p. 5).
2. First- year persistence or retention: “When first-year students are enrolled in
classes in the academic year subsequent to their first year, they have persisted
or been retained” (Litscher, 2015, p. 5).
3. First-year STEM GPA: Cumulative institutional grade point average of STEM
courses after a student has completed one academic year in college.
4. First-year student: A student who has completed a high school degree and is
enrolled for the first time as a full-time student in college.
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5. Graduation grade-point average: Cumulative institutional grade point average
after a student has completed the graduation requirements for the STEM
degree.
6. Graduation rate: Percentage of those students who started as a first-year
student in a STEM major and have completed graduation requirements within
six years.
7. Graduation STEM grade point average: Cumulative institutional grade point
average of STEM courses upon completion of graduation requirements for the
STEM degree.
8. High school type: A classification of high schools as either homeschool or
traditional school. See below for definitions of homeschoolers and
traditionally schooled students.
9. Homeschoolers: Children who are receiving instruction at home all or most of
the time and are in grade equivalent of at least kindergarten and not higher
than grade 12 (McQuiggan & Megra, 2017, p. 34).
10. Persistence: “When a student enrolls in subsequent semesters at the same
institution they are said to have persisted. Persistence speaks of continued
enrollment from the student’s perspective” (Litscher, 2015, p. 6).
11. Retention: “When a student enrolls in subsequent semesters at the same
institution they are said to have been retained” (Litscher, 2015, p. 6). For
analyses purposes for this study, retention refers to a student who has been
retained in a STEM major at the beginning of his or her sophomore year.
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12. STEM field: Includes the following workforce areas: “mathematics; natural
sciences (including physical sciences and biological/ agricultural sciences);
engineering/engineering technologies; and computer/information sciences”
(Chen, 2009, p. 2).
13. STEM majors: The STEM majors available from the institution utilized for
this study include the following: Biology, Chemistry, Computer Information
Systems, Computer Science and Software, Electrical Engineering,
Mathematics, Mechanical Engineering, Pre-Medicine, Pre-Pharmacy, and PrePhysical Therapy.
14. Traditionally schooled students: Children who receive all or most of their
instruction in a classroom setting under the guidance of paid educator. This
includes students who attend public, private, and charter schools.
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CHAPTER II – REVIEW OF LITERATURE
STEM in the U.S.
Defining STEM
The acronym STEM stands for science, technology, engineering, and
mathematics. While some fields (both in postsecondary studies and in the workforce)
would obviously be encompassed by those descriptors, there is no uniform standard that
defines what STEM is (Feng, Beiorinie, Shephard, & Groth, 2017; Marrero, Gunning, &
Germain-Williams, 2014). The National Science Board (NSB, 2015) summary report
Revisiting the STEM workforce noted that “STEM is a valuable but loosely defined term”
that “enables discussions about the many parts of the U.S. workforce that use science,
technology, engineering, and mathematics, but it does not provide the precision needed
for systematic data gathering and analysis” (p. 4). For their analysis, the NSB used STEM
to describe the following occupations: computer and mathematical scientists; biological,
agricultural, and environmental life scientists; physical scientists (e.g., physicists,
chemists, and geoscientists); social scientists (e.g., psychologists, economists, and
sociologists); engineers; and postsecondary teachers in science and engineering (S&E)
fields (p. 4). The study completed by the Higher Education Research Institute (HERI) at
the University of California, Los Angeles (UCLA) (2010) on the subject of STEM major
completion included the following as STEM majors: general biology,
biochemistry/biophysics, botany, environmental science, marine (life) science,
microbiology/bacterial biology, zoology, other biological sciences,
aeronautical/astronautical engineering, civil engineering, chemical engineering, computer
engineering, electrical engineering, industrial engineering, mechanical engineering, other
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engineering, astronomy, atmospheric science, chemistry, earth science, marine science,
mathematics, physics, statistics, other physical sciences, health technology,
medicine/dentistry/veterinary medicine, nursing, pharmacy, agriculture, and computer
science. It can therefore be observed that the biggest difference in defining or delimiting
STEM fields is whether or not the social sciences are included. For the purpose of
statistical analysis, the National Center for Science Education (NCES) excluded social
sciences and education from its definition (Chen, 2009), which is as follows: “STEM
fields . . . include mathematics; natural sciences (including physical sciences and
biological/ agricultural sciences); engineering/engineering technologies; and
computer/information sciences” (p. 2), and this more limited group was used for the
current study.
The more specific field of STEM education research exists within the broader
field of STEM research. This is still a broad area of study since it includes everything
from early elementary school through post-doctoral work. In the Congressional Research
Service Report on STEM, Gonzalez and Kuenzi (2012) described STEM education as
follows: “‘STEM education’ refers to teaching and learning in the fields of science,
technology, engineering, and mathematics. It typically includes educational activities
across all grade levels—from pre-school to post-doctorate—in both formal (e.g.,
classrooms) and informal (e.g., afterschool programs) settings” (p. 1). Perdone (2016)
defined STEM fields as they relate to research at the postsecondary level as follows:
“STEM fields include the following disciplines: life sciences, physical sciences,
mathematics and statistics, computer and information sciences, and engineering and
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engineering technologies” (p. 10). Since this definition is closely aligned with the NCES
definition, the essence of these two definitions was used for this study.
The Need for STEM Studies
In today’s world, technology and innovation are foundational to the economic
growth and stability of any country. For many years, the U.S. was at the forefront of
advances in STEM fields, with perhaps the greatest evidence of that leadership being that
the U.S. was the first nation to land a man on the moon. The significance of continued
achievement in STEM fields is well recognized (Bybee, 2010; Gonzalez & Kuenzi,
2012). For example, in their 2012 President’s Council of Advisors on Science and
Technology (PCAST) report, advisors wrote that “economic projections point to a need
for approximately 1 million more STEM professionals than the U.S. will produce at the
current rate over the next decade if the country is to retain its historical preeminence in
science and technology” (Olson & Riordan, 2012, p. i). The need to increase the number
of STEM graduates from postsecondary institutions was echoed by the NSB (2015), who
noted that an increase in STEM jobs in the U.S. means a need for more STEM workers.
The summary of the NSB’s 2015 report contained the following three primary insights:
I: The “STEM workforce” is extensive and critical to innovation and
competitiveness. It is also defined in various ways and is made up of many
sub-workforces (p.1).
II: Knowledge and skills in STEM fields enable multiple, dynamic pathways to
STEM and non-STEM occupations alike (p. 1).
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III: Assessing, enabling, and strengthening workforce pathways is essential to the
mutually reinforcing goals of individual and national prosperity and
competitiveness (p. 2).
Although the domestic STEM workforce in the U.S. comes through educational
institutions (Gonzalez & Kuenzi, 2012), instead of seeing an increase in STEM field
graduates, there has been a perceived decline (HERI, 2010; Rask, 2010) with a retention
rate of less than 40% (Olson & Riordan, 2012). As such, it is not only important to
continue to develop individuals who can work in STEM occupations, but continued
research on how individuals become part of the STEM workforce is required if these
numbers are to be increased. Although it has been some time since a national survey has
been completed on STEM completion rates, concern regarding low graduation rates
continues to provide the impetus for STEM retention studies (Cromely, Perez, & Caplan,
2016; Green & Sanderson, 2017; HERI, 2010; Olson & Riordan, 2012; Stets, Brenner,
Burke, & Serpe, 2016; Trenshaw, Targan, & Valles, 2016).
Unfortunately, international analysis of the competency of schoolchildren in
science and math continues to demonstrate that children enrolled in U.S. schools are
behind children from several other countries and are even below average in some
instances. The 2015 Trends in International Mathematics and Science Study (TIMSS)
indicated that “U.S. fourth-graders’ average score in mathematics was 539, which was
higher than the average scores of students in 34 education systems and lower than the
average scores of students in 10 education systems,” and that “U.S. eighth-graders’
average score in mathematics was 518, which was higher than the average scores of
students in 24 education systems and lower than the average scores of students in 8
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education systems” (Stephens, Landeros, Perkins, & Tang, 2016, p. 5). For science, the
TIMSS results showed that “U.S. fourth-graders’ average score in science was 546,
which was higher than the average scores of students in 38 education systems and lower
than the average scores of students in 7 education systems,” and that “U.S. eighthgraders’ average score in science was 530, which was higher than the average scores of
students in 26 education systems and lower than the average scores of students in 7
education systems” (Stephens et al., 2016, p. 14). While these scores suggest the U.S. is
keeping up with most other countries, these scores place the U.S. behind countries such
as Japan, Russia, and Kazakhstan at all levels. Additionally, achievement for U.S.
students drops in high school. The 2015 Program for International Student Assessment
(PISA) results found that with respect to science literacy, the average score of U.S. 15year-olds was 496, which ranked the U.S. below average, and the “U.S. average was
lower than 18 education systems, higher than 39, and not measurably different than 12
education systems” (PISA-Findings, n.d.). The average scores for mathematics literacy
for 15-year-olds in the U.S. were also below average. The PISA results also demonstrated
that the “U.S. average was lower than 36 education systems, higher than 28 education
systems, and not measurably different than 5 education systems” (PISA-Findings, n.d.).
In comparison with the analysis of PISA results in 2009 and 2012, the 2015 results for
science literacy are lower, and the results for mathematics literacy are significantly lower
(PISA-Trends, n.d.).
Given the PCAST’s recommendation of one million additional graduates from
STEM majors (Olson & Riordan, 2012) and the apparent decrease in science and math
literacy scores of high school students in the U.S. over the past several years (PISA20

Trends, n.d.), research into the academic success and retention of STEM majors is
essential. In the previously mentioned NCES study of the 2011–2012 cohort of students
who began higher education degrees, it was determined that while 35% of students who
initially declared a STEM major changed majors within three years, 29% of non-STEM
students changed majors within three years (NCES, 2017). The 2017 Completing College
report of attainment rates at postsecondary schools at the state level by the National
Student Clearinghouse, which is an analysis of all the students who began college in 2010
(two-year and four-year, public and private), indicated that the overall six-year
completion rate was 54.8% (Shapiro et al., 2017). Students who began at four-year public
institutions had a six-year completion rate of 62.4%. Students who began at a four-year
private, nonprofit institutions similar to the one examined in this dissertation had a sixyear completion rate of 73.86% at any institution, and 60.88% at their original institution.
In their executive report, the PCAST notes that less than 40% of those who begin their
collegiate studies in a STEM major graduate with a STEM degree and suggests that new
retention methods are required for these majors (Olson & Riordan, 2012).
STEM Education Studies
Education studies on STEM typically focus either on what is referred to as the
“STEM pipeline” (e.g., Griffith, 2010; Maltese & Tai, 2011), developing student interest
in STEM (e.g., Bybee, 2010; Stets et al., 2016), academic preparation for postsecondary
studies in a STEM field (e.g., Bybee, 2010; National Research Council (NRC, 2011), or
retention within the chosen STEM degree once the student enters a postsecondary
institution (e.g., Astin & Astin, 1992; Ehrenberg, 2010). Since this dissertation focused
on postsecondary STEM retention, a brief description of the STEM pipeline (which
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postsecondary studies are a part of) and the focus of postsecondary STEM retention
studies on gender and minorities is provided prior to a more in-depth look at factors that
affect retention at the postsecondary level.
The STEM Pipeline
As the need for individuals to enter the STEM workforce increased, the processes
involved in how to provide STEM education to generate a workforce with STEM degrees
became known as the STEM pipeline. According to the NSB (2015), “the ‘STEM
pipeline’ metaphor implies a linear education-to-work continuum that starts in elementary
school and continues through tertiary education and into a job” (p. 14). The NSB further
recommended that “to ensure a strong, flexible STEM-capable workforce in a 21st
Century economy, our Nation must ensure that all students acquire a strong educational
foundation in primary and secondary school” (p. 14). As such, research on the STEM
pipeline determines where improvements can be made in STEM education, how the
number of STEM graduates can be increased, and where the pipeline is leaky (i.e., where
attrition from STEM majors at postsecondary institutions occurs).
The STEM education pipeline runs from kindergarten up through Ph.D. and postdoctoral work. A quick search revealed several peer-reviewed papers that provide
findings from kindergarten to grade twelve (K–12) STEM research and suggestions
backed by research to improve student interest and understanding of STEM-related topics
(e.g., Becker & Park, 2011; Carr, Bennett, & Strobel, 2012; English, 2016; Grover & Pea,
2013; Honey, Pearson, & Schweingruber, 2014; Rockland et al., 2010). The “leaky
pipeline” occurs when students do not enter or continue in STEM studies, or when
individuals leave the STEM workforce (Dasgupta & Stout, 2014; Watt et al., 2012).
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Studies that focused on leaks in the STEM pipeline found significant interest in
attempting to determine what causes attrition from postsecondary STEM majors (as
found in articles cited below), and in how to decrease these attrition rates by increasing
“the strength of the STEM pipeline” (Griffith, 2010, p. 2). One way to do this is to
increase the number of students who graduate from postsecondary institutions with
STEM degrees. Maltese and Tai (2011) indicated that the requirement of an
undergraduate degree for either a STEM job or entrance to graduate school essentially
creates a “filter” (p. 886) in the STEM pipeline that can be used for research purposes to
check for leaks.
It should also be noted that, as research on the STEM pipeline has progressed,
researchers have recognized that the pipeline metaphor is not always accurate. Some
researchers have therefore suggested that the “pipeline” be replaced with a “pathway,”
because research demonstrates that there are many ways that individuals can eventually
enter the STEM workforce (Cannady, Greenwald, & Harris, 2014; Lyon, Jafri, & St.
Louis, 2012; NSB, 2015). Regardless of whether it is a “pipeline” or a “pathway,” the
attrition of STEM majors at postsecondary institutions is a significant concern.
Retention Rates in STEM Programs by Gender and Ethnicity
Lack of retention within STEM fields at postsecondary institutions is well
documented (Olson & Riordan, 2012; Trenshaw, Targan, & Valles, 2016). The PCAST
(Olson & Riordan, 2012) report noted that the six-year degree completion rate for
students majoring in a STEM major is less than 40%. This number is an average
completion rate. The attrition rate of underrepresented minorities (URM) and females is
higher than that of other groups (thus, their completion rate is even lower). As such,
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many STEM retention studies focus on the higher attrition rate of URM and females
(e.g., Carpi, Ronan, Falconer, & Lents, 2016; Chang, Cerna, Hana, and Sàenz, 2008;
Haak, HilleRisLambers, Pitre, & Freeman, 2011; Nagda, Gregerman, Jonides, Hippel, &
Lerner, 1998; Perdone, 2016; Wilson et al., 2011).
The findings of these studies have been relatively consistent, and a few of them
are provided here. The HERI Research Brief (2010) found that the completion rates of
STEM majors for White and Asian Americans is much higher than it is for Latino, Black,
and Native Americans. Some of the specific values from that study have been entered
into Table 1. Although it was not found to be statistically significant, Maltese and Tai
(2011) found a negative association between female and American-Indian students and
degree completion in STEM. They also found that Asian students were most likely to
complete the degree. Cromely, Perez, and Kaplan (2015) found higher dropout rates from
STEM majors among females, African-American, and Hispanic students. Studies by
Griffith (2010) and Toven-Lindsey, Levis-Fitzgerald, Barber, and Hasson (2015) noted
that there was less persistence among minorities and females who began in a STEM
Table 1
The HERI (2010) STEM Completion Rates of American Students by Ethnicity
Ethnicity
White
Asian
Latino
Black
Native

Completion rate %
Four-year
Five-year
24.5
33.0
32.4
42.0
15.9
22.1
13.2
18.4
14.0
18.8
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major. Despite all the focus on racial and gender disparity regarding STEM field
retention, the disparity remains (Trenshaw et al., 2016).
Factors That Affect Retention in STEM Majors
The attrition of students majoring in STEM fields is high (Rask, 2010), and
although there has been a significant research focused on the lack of retention within
STEM fields of study, attrition continues to be a problem (Trenshaw et al., 2016).
Students who fail to persist in a STEM major generally drop out in the first two years of
their studies (Graham, Frederick, Byars-Winston, Hunter, & Handelsman, 2013; Feng et
al., 2017; Rask, 2010). Smith (2000, as cited in Chang et al., 2008) stated that “roughly
half of those undergraduates who show an initial interest in majoring in the sciences
switch out of these fields within their first two years of study, and very few non-science
majors switch to science majors” (p. 433).
Ehrenberg (2010) noted that for postsecondary institutions, retaining and
graduating students, especially in STEM disciplines, is a critical asset to the nation’s
productivity, growth, and innovation. He went on to say that institutions must work to
identify specific institutional factors that affect retention in STEM programs. While some
retention studies have used large national databases (e.g., Astin & Astin, 1992; Eagan et
al., 2013), Ehrenberg’s discussion highlights the importance of performing STEM
retention analysis at a single institution with the goal of providing specific strategies that
the institution can employ to increase retention among STEM majors.
Studies at specific institutions and from multi-institution databases focus on
retention in STEM majors by examining what factors can lead to higher attrition rates of
those who have initially declared STEM majors when beginning their postsecondary
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studies and, conversely, what is associated with higher retention rates. Feng, Beiorinie,
Shephard, and Groth (2017) noted that there are different complex factors that contribute
to an individual’s commitment to a STEM career. These factors can be associated with a
student’s preparation before he or she enters postsecondary studies or can occur once the
student has begun his or her postsecondary studies.
Preparation Prior to Entrance. Astin and Astin (1992) noted that an incoming
student’s mathematical and academic preparation influences the student’s choice to major
in a STEM field as well as the student’s persistence in that degree. Astin and Astin made
the following statement:
The strongest and most consistent predictor of changes in students' interest
in science majors or careers is the students' entering level of mathematical
and academic competency. Well-prepared students are more likely than
other students both to persist in their initial choice of a science major or
career and to be recruited into science majors and careers during the
undergraduate year (p. 2).
Rask (2010) found that credits from Advanced Placement (AP) courses were a strong
indicator that students would take an initial STEM course. Griffith (2010) found that
taking AP courses and a higher SAT score decreased the risk of dropout from a STEM
major.
Maltese and Tai (2011) noted that “in terms of general college persistence, Tinto
(1993) argues that the rigor of high school preparation and, more importantly, student
intentions play a large role in student retention” (p. 883). The student’s intention to major
in a STEM field is therefore another pre-college attribute that is linked to STEM program
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retention. This intention was noted according to the student’s choice of major on his or
her application. Rask (2010) found that the indication of the choice of a STEM major on
a student’s application was a strong indicator that the student would take an initial course
in a STEM field. Chang et al. (2008) also found that the stronger the desire students had
to complete a degree upon entering their postsecondary studies, the greater the increase in
student persistence. Eagan et al. (2013) found that the higher degree aspirations students
had when entering postsecondary studies, the higher the probability of intending to enroll
in a STEM graduate program as an undergraduate student, and they could only do this if
they graduated from their undergraduate degree first.
Grades. Grades are well documented as being important for persistence in STEM
majors (Astin & Astin, 1992; Cromely et al., 2016; Feng et al., 2017; Maltese & Tai,
2011; Ost, 2010; Rask, 2010). While pre-college attributes and intentions to major in
STEM fields have all been demonstrated to influence students’ beginning a STEM degree
and their initial persistence in the degree, once the student has entered his or her
postsecondary studies, the importance of these factors are replaced by the grades the
student receives in his or her classes. Rask (2010) found that pre-college factors such as
SAT scores, AP credits, and indicating a STEM major on a university application
correlated to taking more STEM courses, but that the influence of each of these factors
diminished over time. Grades, however, remained as a consistent predictor of continuing
in a STEM major was.
Several studies have found a connection between grades and retention in STEM
majors. Nagda, Gregerman, Jonides, Hippel, and Lerner (1998) found that students with
high GPAs had significantly higher retention rates than those who had low GPAs. Chang,
27

Cerna, Hana, and Sàenz (2008) found that “every half-grade increase in students’
reported grade point average, from C- to C, or C to C+/B- for example,” resulted in a
significant increase in the likelihood of the student persisting in the major. Rask (2010)
specifically found that grades earned in students’ first STEM courses had a strong
influence on whether they took a second STEM course, and this influence continued.
Griffith (2010) found that when compared to all other courses, higher grades in first-year
STEM courses increased the likelihood of retention within the STEM degree. Maltese
and Tai (2011) found that those who had higher grades in STEM courses were more
likely to complete their STEM degree than those who had lower/failed scores.
Feng et al. (2017) used time-variant variables to track student retention in STEM
majors over time. They found that low grades in STEM courses were associated with a
higher dropout risk; however, students with high grades in STEM courses had a higher
chance of dropout than those with medium grades. The authors wondered if this was
because those with high grades did not find their course material challenging enough and
thus transferred to a different institution with the hope that their courses would be more
challenging. Feng et al. also found that low grades in non-STEM courses had even more
of an impact on dropout than low grades in STEM courses. They concluded that this
might have been because it was indicative of overall difficulties in higher education (i.e.,
students were more comfortable with low grades in STEM courses than non-STEM
courses because students may have recognized the stringent grading often applied in
STEM courses and expected these grades to be lower).
Both Feng et al. (2017) and Rask (2010) found that low grades had less of an
effect on female dropout rates than on male dropout rates. Griffith found similar results
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similar to the previously mentioned studies for males and minorities, although the
difference was not found in all the datasets she analyzed.
It is also worth noting that STEM departments are often some of the lowergrading departments within a postsecondary institution (Rask, 2010; Feng et al., 2017).
This is also part of the perception that introductory STEM courses are viewed as
“gatekeeper” courses where only the “cream of the crop” will make it and be able to
continue (Gasiewski, Eagan, Garcia, Hurtado, & Chang, 2011). Rask (2010) notes that “if
STEM departments grade lower than non-STEM departments, and the grade received is
an important factor in the major decision, grading practices could be an important factor
in the high attrition rates experienced in STEM majors” (p. 5). The perception of “lower
grading” in STEM departments may be due to the difficulty of the material even at the
freshman level, students entering STEM majors without the necessary problem-solving
skills, or a combination of both factors. These factors result in students obtaining low
grades, which may discourage them from continuing in their STEM majors.
While pre-college preparation and grades have been demonstrated to play a
significant role in student retention within STEM majors, several other factors have also
been noted. These factors include students’ opportunities to perform research, the types
of interactions STEM students have with faculty and peers, and hands-on (active)
learning.
Undergraduate Research. Exposure to research enhances retention in a STEM
major, but unfortunately most students enrolled in a STEM degree are not given the
opportunity to get involved in research opportunities until after the years during which
the majority of STEM student attrition occurs (Graham et al., 2013). Nagda et al. (1998)
29

found that undergraduate research experience increased retention more among URM than
among White students. Russell, Hancock, and McCullough (2007) found that student
participation in undergraduate research programs increased student understanding of
STEM fields, and that this increase was greater among URM than among White students.
They noted that this research involvement had a significant effect on retention when it
occurred within the first two years of study. Since they found that juniors and seniors
who participated in undergraduate research demonstrated increased interest in STEM
careers and motivation to pursue graduate STEM degrees, Russell et al. recommended
that freshmen and sophomores be given these opportunities as well. Chang et al. (2008)
found that there was a significant increase in the retention of the students involved in
their study who participated in a research program during their first year.
Another factor associated with exposure to undergraduate research is increased
aspiration regarding future studies and career effectiveness. The previously mentioned
study by Russell et al. (2007) also found that student participation in undergraduate
research programs increased the motivation of students to continue to Ph.D. studies, and
that this increase was greater among URM than among White students. Eagan et al.
(2013) found that undergraduate students who participated in research programs were
significantly more likely to indicate that they were going to enroll in a STEM-related
graduate degree than those who did not. Gilmore, Vieyra, Timmerman, Feldon, and
Maher (2015) found that exposure to undergraduate research was correlated with higher
achievement at graduate school and increased research skills. Carpi et al. (2016) found
that exposure to undergraduate research experience not only increased intentions of
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attending graduate school to obtain a graduate STEM degree, but that it also increased the
acceptance rate of students into STEM graduate degree programs.
Interactions. Some STEM retention studies have focused on the importance of
different types of interactions students have while working to earn their STEM degrees.
Watkins and Mazur (2013) found that interaction between faculty and students can have
significant effects on student retention in STEM programs. This applies to interactions
both inside and outside of a classroom setting (Gahndi-Lee, Skaza, Marti, and Orgill,
2017). Astin and Astin (1992) also found that because of the reduced use of graduate
students for teaching positions and less faculty focus on research, students at liberal arts
colleges had more positive interactions with faculty, which encouraged students to persist
in their STEM majors. Unfortunately, Gandhi-Lee et al. (2017) found that faculty
members are often not aware of the important role they play in encouraging their STEM
students to persist in their STEM majors.
Other studies have examined peer-to-peer interactions. Astin and Astin’s (1992)
study found that students are more likely to choose to major in a STEM field and
graduate with that STEM degree if their peers are also involved in STEM studies. Chang
et al. (2008) found that freshman who joined “a preprofessional or departmental club” (p.
446) were significantly more likely to persist in their degree than those who did not.
Some postsecondary institutions have begun to purposefully encourage peer-to-peer
interactions using collaborative learning experiences (CLEs). For example, Trenshaw et
al. (2016) found that participation in CLEs improved students’ grades on their final
exams. Those from historically underrepresented groups (HUGs) saw a more significant
increase than those from other groups.
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A combination of different types of interactions can also increase STEM major
retention. Nagda et al. (1998) found that an increase in both peer-to-peer interactions and
faculty-student interactions that focused on undergraduate research opportunities had a
significant impact on retention among all ethnicities, but especially on URM.
Additionally, academic engagement in introductory STEM courses was often dependent
on peer-to-peer and faculty interactions as they occur within classroom settings. Students
who were less academically engaged in introductory courses were less likely to succeed
and thus less likely to persist (Gasiewski et al., 2011). Gasiewski, Eagan, Garcia,
Hurtado, and Chang (2011) said that “professors play an important role in sustaining
engagement in science by signaling accessibility cues through a unique set of behaviors
and attitudes, which can have a tremendous effect on student learning and engagement”
(p. 251).
Active Learning. Traditionally, STEM classrooms have followed a lecture format,
but research has indicated that an active learning environment in the classroom could
increase student engagement. This could lead to higher grades and reduced dropout. For
example, as a part of their study of the role faculty behavior plays in the academic
engagement of students in introductory STEM courses, Gasiewski et al. (2011) found that
faculty who created an active learning environment within their classroom that provided
immediate student learning feedback increased students’ academic engagement. Haack,
HilleRisLmabers, Pitre, and Freeman (2011) found that economically disadvantaged
students – many of whom were URM – who were enrolled in a large introductory biology
class that provided a highly structured active learning environment experienced
significantly higher grades than predicted by their SAT scores and current GPAs. This
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technique is worth noting because Haack et al. implemented it specifically to determine if
“an existing STEM course [could] be modified to improve performance by students from
disadvantaged educational and socioeconomic backgrounds who are at high risk of
failing, without requiring increased resources in the way of staffing or external funding”
(p. 1214). Additionally, because of their meta-analysis of 225 studies that compared
traditional lecture styles to active learning in STEM courses, Freeman et al. (2014) found
that there was a significant increase in overall student performance and “that lecturing
increases failure rates by 55%” (p. 8412). They also found that low-performing students
were less likely to drop a class when the focus was on active learning instead of on
lecturing.
Not all findings concerning active learning classrooms agree, however. A study
conducted at the University of California, Irvine (UCI) found that implementation of
instructional strategies often associated with active learning did not “improve student
outcomes for the average UCI student” (Reimer et al., 2016, p. 226). Due to the
conflicting nature of this study, more research in this area is required.
Combination of Factors. As research findings have revealed factors that are
important to retaining students within STEM majors, some institutions have implemented
programs to assist in the retention of STEM majors that focus on using procedures to
address the above factors. For example, a combination of mentoring (by faculty and
peers), undergraduate research, and overall educational approach implemented at
Louisiana State University (LSU) resulted in low-performing students who were
significantly more likely to be retained and even complete their STEM degrees (Wilson
et al. 2011). Another example is that of collaborative learning, which combines peer-to33

peer interactions and active learning. In their study on the implementation of
collaborative learning at a “private, medium-sized, liberal-arts university” (p. 3), Carlson,
Turvold Celotta, Curran, Marcus, and Loe, (2016) found that this process could “improve
student performance in introductory STEM units, particularly those that emphasise [sic]
quantitative reasoning and applications” (p. 18).
Since research has revealed that a variety of factors influence STEM retention, it
would be beneficial for an institution to look at its STEM retention rates to find areas of
weakness to determine whether or not the implementation of evidence-based findings
regarding specific procedures would assist in increasing the retention of students
majoring in STEM fields. One specific area of STEM retention studies in which there are
no current findings is whether high school type has a moderating effect on factors that
can influence retention within STEM majors. Since high school ties in closely with
academic preparation prior to entrance into higher education, this is a potential factor that
should be considered in STEM pipeline/pathway research. Given the growth of
homeschooling in the U.S. as an alternative to traditional schooling (Basham et al., 2007;
McQuiggan & Megra, 2017; Ray, 2016; Redford et al., 2017; Snyder et al., 2018), it
would be helpful to determine whether or not the academic achievement (expressed as
grades), retention, and graduation of homeschoolers in STEM majors is similar to those
of students who have been traditionally schooled.
What Homeschooling Is
Considered a fringe educational movement up through the mid-1970s,
homeschooling is now perceived as a legitimate option for parents to use to educate their
children. Parents can legally homeschool their children in all 50 states (Gloeckner &
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Jones, 2013). The public is generally aware of some of the accomplishments of
homeschooling through the broadcasted successes of homeschoolers such as the winners
of the 2007 Scripps National Spelling Bee and the National Geographic competition, as
well as one of the 2012 finalists for the Heisman Trophy. Although the public is aware of
the existence of homeschooling, many people do not realize how prevalent it has become
in American education. It is estimated that at least 3% of American schoolchildren are
educated at home (McQuiggan & Megra, 2017; Ray, 2016; Redford, Battle, & Bielick,
2017; Snyder et al., 2018), and studies indicate that the popularity of this method is
increasing (Basham et al., 2007; Ray, 2016). This shift has been described as “one of the
most dynamic contemporary education trends” (Kuntzman & Gaither, 2013, p. 6). Ray
(2017a) wrote, “parent-led home-based education is a substantively different education
paradigm, environment, and practice than institutional public and private schools” (p.
98). Since some of these students who graduate from homeschooling will continue their
education into postsecondary institutions, including in STEM majors, it is important to
know what homeschooling is and how well-prepared students are for the rigors of
collegiate academics.
Definition of Homeschool
While different articles and books may word the definition of homeschooling
somewhat differently, the essence of homeschooling is generally agreed upon. Some call
it homeschool, others home school, and still others home education. One of the most
prolific researchers on homeschooling, Dr. Brian Ray, defined homeschooling as “a form
of private education that is parent led and home based” (Ray, 2017a, p. 86). The official
definition from the National Household Education Survey (NHES) is as follows: “Ages 5
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through 17 . . . and in a grade equivalent of at least kindergarten and not higher than
grade 12 . . . . receiving instruction at home instead of at a public or private school either
all or most of the time . . . . excluding students who were enrolled in public or private
school more than 25 hours per week . . . and students who were homeschooled only
because of temporary illness” (McQuiggan & Megra, 2017, p. 34). While definitions
were slightly different in in regard to the terminology used, all agreed that homeschooling
is schooling that takes place at home where the parents or guardians of the children are
the ones primarily responsible for the education of the children.
Focus and Style of Homeschooling
Although educators, education researchers, and government statisticians basically
agree on what homeschooling is, the methods applied to homeschooling can vary
tremendously. Ray (2004) described the focus of homeschool education as usually having
a strong emphasis on “reading, writing, math, and science” and said that many “take
advantage of the flexibility provided by home education to participate in special studies
and events, such as volunteer community work, political internships, travel, missionary
excursions, animal husbandry, gardening, and national competitions” (p. 6).
Although schooling at home provides flexibility in scheduling, some parents
choose to closely follow the preplanning laid out in a curriculum. Other homeschool
families use only a small amount of preplanning or no planning with respect to their
children’s education. These two groups would fall into the categories of structured and
unstructured homeschooling, respectively. Other terms sometimes used in reference to
unstructured homeschooling are “‘lifestyle of learning’ or ‘unschooling’” (Ray, 2004, p.
6). Gray and Riley (2013) estimated that approximately 10% of homeschooled children
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would fall into the category of “unschooled” (p. 2). They also believe that this number is
growing.
A Brief Review of the History of Homeschooling
Historical Perspectives
Prior to the 1852 passage of the first law in Massachusetts requiring children to
attend school, most childhood learning occurred in the home (Gloeckner & Jones, 2013;
Ray, 2017a). Basham et al. (2007) noted that it was in the 1870s that “compulsory school
attendance and the training of professional educators coalesced to institutionalize
education in the physical environment that today we recognize as school” (p. 7). Ray
(2017b) noted that this change occurred not only in the US but in most developed nations,
such that by the early 1900s most children attended compulsory government-sponsored
education, and schooling at home all but disappeared. During much of the next 150 years,
homeschooling, or home education, was essentially a fringe movement, and the American
mindset perceived education as government-supported schooling.
The Reemergence of Homeschooling
The reemergence of homeschooling as a viable option to compulsory government
sponsored education occurred in North America in the late 1960s and early 1970s after
the publication of Dr. Raymond Moore’s Home-Spun Schools (1982) and Home Grown
Kids (1984), in which he advocated for delaying the entrance of children into formalized
education until the ages of 8–12, as well as John Holt’s How Children Fail (1964) and
Teach Your Own (1982) in which he advocated for parent-led “unschooling” for children
(Basham et al. 2007; Gloeckner & Jones, 2013). The growth of homeschooling initially
occurred in what Basham Merrifield and Hepburn (2007) described as “members of the
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counter-cultural Left, principally advocates of New Age philosophies, hippies and
homesteaders” (p. 8), but a shift occurred such that by the mid-1980s, “most home
schooling parents could be accurately described a part of the Christian Right” (p. 8).
Overview of Homeschooling in the United States
Number of Homeschoolers
Since state regulations regarding the registration of homeschooling differ, it is
difficult to know precisely how many homeschoolers there are in the U.S., but there is
agreement that the homeschool movement is still growing. From 10,000–15,000
homeschooled children at the beginning of the reemergence of homeschooling in the late
1970s and early 1980s to between 250,000 and 350,000 in the early 1990s (Lines, 1991),
homeschooling has grown to more than 1.7 million students (approximately 3–3.4%)
currently, as estimated by the NHES and others (McQuiggan & Megra, 2017; Redford et
al., 2017; Snyder et al., 2018). The NHES noted that its recorded number of homeschool
children might be different than that of researchers who use different survey methods
(McQuiggan & Megra, 2017). For example, Ray (2016) estimated that as many as 2.3
million children are homeschooled in the U.S. Although their research predates the most
recent NHES survey, Kuntzman and Gaither (2013) estimated that based on previous data
from the NHES and the continued growth of homeschooling, there are more than two
million homeschoolers in the US, a number that represents more than 4% of school-aged
children. If this is accurate, then both the NHES (McQuiggan & Megra, 2017; Snyder et
al., 2018) survey and Ray (2016) have likely underestimated the number of homeschool
children in the U.S. Isenberg (2017) noted that the NHES estimates should not be treated
as a census count of homeschoolers but as the midpoint of a range of plausible estimates,
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because the estimates from the 2012 NHES suggested that the percentage of
schoolchildren who are homeschooled was likely to be within a range from 3% to 3.9%.
He also noted that surveys indicated that children were equally likely to be homeschooled
in the elementary, middle, and high school grades.
Demographics of Homeschoolers
Family Income/Location. The NHES performed in 2016 found that approximately
79% of homeschool homes were described as non-poor, while the remaining 21% were at
the poverty level (McQuiggan and Megra, 2017, p. 18).1 This 21% poverty rate is
certainly higher than the 2016 U.S. national poverty rate of 12.7% (Semega, Fontnot, &
Kollar, 2017). The survey also revealed that of the approximately 3% (1.7 million) of
children currently homeschooled in the U.S., there was a slightly higher rate of 4% found
in rural areas and towns, and 3% for both cities and suburban areas (McQuiggan and
Megra, 2017).
Race. Initially, the growth of homeschooling occurred primarily in White
families, but statistics indicates that it continues to grow among minority groups
(McQuiggan & Megra, 2017; Ray, 2016, 2017a). The 2012 data from the Parent and
Family Involvement in Education Survey (PFI) portion of the NHES indicated that most
homeschoolers in the US were White (83%) and non-poor (89%) (Redford, Battle, and
Bielick, 2017, p. ii). The NHES performed another study in 2016, however, and found
that approximately 59% of homeschooled children ages 5-17 were from White homes,
26% were from Hispanic homes, 8% were from Black homes, 3% were from Asian or

“Students are considered poor if living in households with incomes below the poverty threshold, which is
a dollar amount determined by the federal government to meet the household’s needs, given its size and
composition” (McQuiggan and Megra, 2017, p.18).
1
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Pacific Islander homes, and the remaining 4% were from homes described as “Other,
non-Hispanic” (McQuiggan and Megra, 2017, p. 18).
Parents/Parent Education. The NHES study performed using data from the PFI
survey in 2016 found that approximately 45% of parents of homeschooled children had
earned at least a bachelor’s degree (15% of whom had also earned a graduate degree or
professional school degree), 24% had earned a vocational degree or attended some
college, 16% had attained a high school degree or its equivalent, and 15% had not
finished high school (McQuiggan and Megra, 2017, p. 18). Ray (2017a) wrote that
“about 90% of homeschooling parents have never been government-certified teachers”
(p. 97), but surveys have indicated that parents who choose to homeschool typically have
an above-average education (Basham et al., 2007).
Regarding the structure of the home, findings from the NHES 2012 survey
indicated that while one in three of all students lived in a single-parent home, only one in
five homeschoolers did (Coalition for Responsible Home Education (CRHE), 2012;
National Center for Education Statistics, Parent and Family Involvement in Education
Survey of the National Household Education Surveys Program (NCES-PFI), 2014).
Findings also indicated that homeschoolers were more likely to come from a home where
only one parent was in the labor force and averaged a higher number of children in the
home (CRHE, 2012; NCES-PFI, 2014).
Reasons for Homeschooling. Although the reasons for homeschooling were
primarily religious in the 1980s, religion is no longer the dominant reason for
homeschooling. Gray and Riley (2015) implied that there has been a decrease in those
homeschooling purely for religious reasons and an increase in those homeschooling
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because parents were dissatisfied with the traditional school environment for a variety of
reasons. As early as 2007, Basham et al. wrote that the primary reason parents choose to
homeschool is that they were dissatisfied with “some aspect of public schooling” (p. 9).
Lubienski, Puckett, and Brewer (2013) noted that “many parents believe that they can do
a better job of teaching their own children than would the local public or private school”
(p. 379). They also noted that some parents homeschool because they wanted to remove
their children from what they saw as “negative influences” (p. 279), and others because
they disagreed with any type of formalized schooling. Yu et al. (2016) agreed with
Lubienski et al. by suggesting that homeschooling parents chose this method of education
to provide a better education for their children. McQuiggan and Megra (2017)
summarized the NHES findings regarding the reasons parents choose to homeschool their
children as follows:
When asked to select the reasons parents decided to homeschool their child, the
highest percentage of homeschooled students had parents who said that a concern
about the environment of other schools, such as safety, drugs, or negative peer
pressure was one reason to homeschool (80 percent). The highest percentage of
students’ parents reported that among all reasons, a concern about the
environment of other schools was the most important reason for homeschooling
(34 percent). Seventeen percent of home schooled students had parents who
reported dissatisfaction with academic instruction at other schools as the most
important reason for homeschooling, while 16 percent reported a desire to provide
religious instruction as the most important reason for homeschooling (p. 4).
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While the NHES survey provided specific reasons parents can select from for
homeschooling, the review by Basham et al. (2007) provided some additional reasons
parents gave for wanting to homeschool their children. They summarized the reasons
parents gave for homeschooling by noting that some parents were against formal
schooling, some wanted to give their children an education that is in line with the parents’
values, some wanted to keep their children away from negative influences, some wanted
to specifically design a curriculum to meet the interests of their children, and for some, it
was a combination of these opportunities. Although minority families have also identified
racism in schools as a motivator to homeschool (Mazama & Lundy, 2012), Ray’s (2015)
study on reasons African Americans chose homeschooling found that their reasons were
essentially the same as those given by the majority of homeschool parents.
Findings of Homeschool Studies
General Information Regarding Homeschool Studies
Many of the studies done on homeschooling in the U.S. have focused on either the
socialization of homeschoolers or on their academic achievement. In his review of
homeschool research, Ray (2017a) stated that the overall findings of these studies could
be generalized as follows:
Homeschooled students and adults who were home educated are succeeding as
well as or better than their peers who attend public and private institutional
schools. This is true with respect to academic achievement, social and emotional
development, and functioning in university and adulthood in general (p. 93).
While the current study was more focused on academic achievement than on the
socialization of homeschoolers, social integration plays a role in college student retention
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(Tinto, 1993). As such, a brief review of the literature regarding the socialization of
homeschoolers is provided, followed by a more in-depth look at academic achievement
studies.
Homeschoolers and Socialization
With respect to socialization, Basham et al. (2007) stated, “Perhaps the most
widely-held misconception about home schooled students is that they are not adequately
socialized, spending all their days with their immediate family at home without the
benefit of a wider array of influences” (p. 16). The reason Basham et al. consider this a
misconception is that research has consistently demonstrated that homeschooled children
are often frequently involved in many social activities that take place outside of the home
(Medlin, 2000, 2013; Ray, 2005, 2017a; Smedley, 1992; White et al., 2009; White et al,
2007).
Kindergarten to Grade 12 Socialization. Numerous studies that have employed
various psychological constructs and measures have demonstrated that home-educated
children develop at least as well as, and often better than, those who attend institutional
schools (Medlin, 2000, 2013; Ray, 2005; White et al., 2009; White et al., 2007) Research
has indicated that homeschoolers are often involved in a variety of activities such as
church, sports, co-op learning programs, and community service (Ray, 2017a), and often
with a broader range of ages than their traditionally schooled peers (Smedley, 1992).
Smedley (1992) found that in comparison to traditionally schooled students,
homeschoolers were more mature and better socialized.
Collegiate Socialization. Research had indicated that the high level of
socialization exhibited by K–12 homeschoolers continues into their collegiate experience
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and enables social integration. Sutton and Galloway (2000) found that undergraduates
who came from a homeschooling background held significantly more leadership
positions at a private, faith-based liberal arts institution than either their private school or
public school peers. In a study in which he used a combination of interviews and the
Rosenberg Self-Esteem scale, Holder (2001) concluded that homeschoolers were
“successfully integrated into the college culture” (p. vi). A study by White et al. (2007)
using the College Adjustment Scale (CAS) found that “home schooled college freshmen
successfully adjust to the social . . . environment of a Christian college with a diverse
student population” (n.p.). The results indicated that homeschoolers had significantly less
anxiety than traditionally schooled students. In a study of admissions officers’
perceptions of homeschoolers, Gloeckner and Jones (2013) found that 43.6% of the
respondents to their survey expected homeschoolers to succeed socially to about the same
degree as their traditionally schooled peers, and 35% expected the homeschoolers to
perform more poorly.
While more socialization studies could be reviewed, the few that have been
discussed have demonstrated that contrary to the typical homeschool stereotype,
homeschoolers tend to do very well socially. There are certainly implications from these
findings as homeschoolers move into postsecondary education settings, especially
regarding retention, but since socialization was not the focus of this dissertation, the
aforementioned findings are sufficient to provide a basic overview of socialization
research.
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General Review of Academic Success of Homeschoolers
Since homeschoolers are not required to abide by the same educational standards
as students attending public school, questions have arisen regarding their academic
development and whether it is similar to their traditionally schooled counterparts. Ray
(2010) defined academic achievement as “the formal demonstration of learning
(including knowledge, understanding, and thinking skills) attained by a student as
measured by standardized academic achievement tests” (“Measures of Academic
achievement,” para. 1). As such, many studies on academic achievement for K–12
education have used achievement tests (e.g., Clemente, 2006; Martin-Chang et al., 2012;
Ray, 2010; Rudner, 1999); however, this does not work at the collegiate level, so GPAs
are typically utilized for collegiate studies (Bagwell, 2010; Bennett, 2016; Cogan, 2010;
Holder, 2001; Jenkins, 1998; Litscher, 2015; Sutton & Galloway, 2000; Yu et al., 2016).
Studies concerning the academic achievement of homeschooled students range
from longitudinal to a specific point-in-time, and from nationwide, to state level, to
school level (Boulter, 2017; Clemente, 2006; Holder, 2001; Ray, 2010; 2017b; Rudner,
1999, Yu et al., 2016). While several types of studies have been performed, very few
have been longitudinal. Most of those conducted at the collegiate level have been done at
a single institution (Kuntzman & Gaither, 2013). One of the drawbacks of using
convenience sampling at a researcher’s own institution is that the percentage of
homeschoolers at that institution is often about 2–3% which makes it difficult to rule
randomness out of the data analysis (Yu et al., 2016). Enough studies have been
performed on the academic achievement of homeschoolers, however, that several reviews
have been written over the years that have provided a broader understanding of the
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findings and have explored whether the findings are generally the same from one study to
another or whether there are exceptions (Gloeckner & Jones, 2013; Kuntzman & Gaither,
2013; Lubienski, Puckett, & Brewer, 2013; Murphy, 2012; Ray, 2017a, 2017b).
The reviews range from eagerly zealous regarding homeschool findings to
cautiously optimistic to somewhat cynical regarding the overall results. Ray (2017a)
wrote that his review of the primary research literature regarding homeschoolers has
revealed that “the homeschooled have consistently scored in these studies, on average, at
the 65th to 80th percentile on standardized academic achievement tests in the United
States and Canada, compared to the public school average of the 50th percentile” (p. 87).
Ray also stated, “To date, no studies have found home-educated students to have lower
achievement test scores, on average, than public school students” (p. 89). Gloeckner and
Jones (2013) acknowledged that the general findings of the homeschool studies they
reviewed did align with Ray’s findings, but they were more cautious about interpreting
the results due to the limiting factors inherent to these studies, such as the small sample
sizes and the fact that even finding homeschooling families can be a challenge. In
agreement with what Ray (2017a) stated, however, they wrote that “it may be of interest
to note that none of the studies reported higher standardized test scores for traditional
education samples over homeschooled samples” (p. 311). Lubienski et al. (2013) were
much more cynical of the academic findings of previous studies and stated that they
believed that the findings of the studies they reviewed are problematic based on selfselecting participants and homeschoolers being administered standardized tests in a
setting very different from how traditionally schooled students generally take them
(homeschooled students often take the tests at home, while traditionally schooled students
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take the tests administered by a professional in a formal school setting). In fact, Lubienski
et al. (2013) went so far as to have written the following:
Careful examination of the empirical basis for such claims finds them to be often
unsubstantiated and methodologically flimsy. In fact, we argue that organizations
making such claims are using them as empirical cover, advancing an agenda
based on academic effects when the leading organizations in the movement are
actually motivated by other ideological issues (p.380).
To accuse researchers of manipulating findings for ideological gains instead of sincere
research is a significant claim. Lubienski et al. concluded by acknowledging that
homeschooling may indeed be effective, but that “multiple research attempts have not yet
proven its effectiveness” (p. 390). Unfortunately, Lubienski et al. (2013) only reviewed a
limited number of studies, and while they rightly invoke caution with respect to the
interpretation of studies on the academic success of homeschool students, some of their
claims seem to be contradicted by studies which they failed to include in their review and
by their failure to provide citations for some of their other conclusions.
Kindergarten to Grade 12 Academic Achievement. Academic achievement studies
for K–12 students often compare standardized tests scores of homeschooled students to
those who were traditionally schooled. Initially, these studies seemed to overwhelmingly
indicate that homeschool students outperformed their traditionally schooled peers. An
oft-cited example of one of these studies is Rudner’s (1999) study, in which he
administered either the Iowa Tests of Basic Skills (ITBS) or Test of Achievement and
Proficiency (TAP) to 20,760 homeschooled students. His findings indicated that in
comparison to the standardized 50th percentile average score of public school students,
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the homeschoolers generally scored in the 70th to 80th percentile. Rudner also found that
children who had been schooled exclusively at home scored higher on a standardized
achievement test than those who had attended traditional school prior to being
homeschooled. Other studies have followed Rudner’s basic design of comparing the
percentile score of homeschoolers to that of the standardized 50th percentile of
traditionally schooled students.
As research on the academic success of homeschoolers has progressed, efforts
have been made to make more specific comparisons of homeschoolers to their peers
instead of to national averages. While some of these studies have continued to indicate a
higher level of academic success for homeschoolers compared to those from traditional
schools, not all studies have demonstrated a significant difference between the two
groups. Holder (2001) compared the ACT scores of homeschooled students with
traditionally schooled students and found no significant difference between the two
groups. Clemente (2006) compared the SAT scores “of homeschooled, public schooled,
and private-schooled high school seniors who subsequently attend Christian colleges” (p.
6) and found that “homeschooled students outscored their conventionally schooled
counterparts on the Scholastic Aptitude Test” (p. 44). In a comparison of homeschooled
and traditionally schooled students attending a community college in South Carolina
(SC), Bagwell (2010) found that homeschoolers scored significantly higher on
COMPASS placement scores in writing, pre-algebra, and reading. Homeschoolers scored
higher on COMPASS placement scores in algebra, but not college algebra, than their
traditionally schooled peers. Neither of these comparisons demonstrated a significant
difference between the two groups, and Bagwell suggested that these findings might
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demonstrate a weakness in math preparation for homeschoolers. In their review of
homeschool studies, Kuntzman and Gaither (2013) noted that the findings of more
rigorous studies (which control for background variables) could lead to the conclusion
“that there may be at least a modest homeschooling effect on academic achievement—
namely that it tends to improve students’ verbal and weaken their math capacities” (p.
17). In a study at a Midwest doctoral Catholic postsecondary school, Cogan (2010)
examined the effects of the pre-college academic success of incoming freshman over a
period of several years. He found that in comparison to the overall cohort, homeschoolers
had significantly higher composite ACT scores. In the sample Litscher (2015) used for
his study, homeschool graduates had higher mean HSGPAs and higher mean scores than
all other school types (public school, private secular, and private faith-based) on their
ACTs. The descriptive statistics’ values found by Litscher (2015) for each of his groups
are listed in Table 2. Litscher did not state whether or not the values are significantly
different.
Table 2
Results of Litscher’s 2015 ACT Comparison Scores by High School Type

ACT
HSGPA

Homeschool
27
3.76

Public
24
3.57

Private secular
24
3.5

Private faith-based
26
3.65

One concern regarding the validity of analysis for K–12 homeschool studies is the
method by which the data is obtained, i.e. the use of a third party. More recently,
researchers have sought to directly compare homeschooled children with traditionally
schooled children by personally administering standardized tests in a uniform setting.
Martin-Chang et al. (2011) administered the standardized Woodcock-Johnson subtests
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(letter-word, comprehension, word attack, science, social science, humanities, and
calculation) to both homeschoolers and public school children at the child’s home under
parental supervision (there were three exceptions with respect to the location). Results
demonstrated that academic achievement for homeschoolers in a structured homeschool
environment was higher than for students in public school and homeschoolers in an
unstructured homeschool environment. Boulter’s (2017) analysis of the WoodcockJohnson Psychoeducational Battery III standardized test was administered by a researcher
in a classroom setting; however, his analysis went even further than that of Martin-Chang
et al. (2011) in that he used participants matched in terms of “gender, race, grade level,
and type of school (home or public)” (p. 3). He did not find any significant difference
between the academic achievements of the two groups.
In a K–12 study focusing specifically on African-American homeschoolers, Ray
(2017a) found that African-American homeschoolers had average or above-average
scores on a standardized test (ITBS Form A from the Iowa Testing Programs) in
comparison with the national average of all races/ethnicities. He also noted that the
African-American public school norm is generally well below the national average.
While he found that for African Americans “being homeschooled was associated with a
positive effect size of roughly 42 percentile points in reading, 26 percentile points in
language, and 23 percentile points in math,” none of the independent variables (gender,
certification status of the mother and father, household income, cost per child, degree of
structure, amount of structured time, and age at which formal instruction began)
“explained significant amounts of variance in Black homeschool students’ scores”
(p. 96).
50

Another more recent development in the analysis of academic success in
homeschooling is that of the type of homeschooling. As previously mentioned, MartinChang et al. (2011) found that academic achievement for homeschoolers in a structured
homeschool environment was higher than for students in public school and
homeschoolers in an unstructured homeschool environment. Of the three groups, those in
an unstructured homeschool environment had the lowest achievement levels. Ray (2010)
found that students from a structured homeschool design achieved greater academic
success than those with a less structured design.
Some researchers have sought to look for explanations of the findings of their
studies, or studies in general, by examining variables other than school type. Ray (2000)
found that even in homeschool families where parents had little education and income,
children still generally scored above state-school averages. Barwegen, Falciani, Putnam,
Reamer, and Stair (2004) found that public school students who perceived a higher
amount of parental involvement scored significantly higher on standardized tests than
those who perceived a lower amount of parental involvement. This has caused
researchers to wonder if higher parental involvement is part of the explanation for higher
academic achievement for homeschoolers. Table 3 contains variables analyzed by Ray
(2010) to determine if the variable had a significant effect on homeschool performance.
In the study previously mentioned by Martin-Chang et al. (2011), they found that the
significantly higher scores on Woodcock-Johnson subtests held true even when the
groups were equated on the basis of income. Ray (2017a) noted that “[p]arent formal
educational attainment consistently explains statistically significant differences in
achievement but, practically speaking, small amounts of variance, and the amount of
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variance explained is typically less than what this variable explains within the public
school student population” (p. 89).
Table 3
Significance of Variables to Homeschool Outcomes (Ray, 2010)
Variable
Homeschoolers enrolled in a fullservice curriculum versus not so
enrolled
Gender of homeschooler
Amount of money spent per child
on educational materials
Family income

Significant difference (Y/N, effect)
N

Parental education level

Y

Parental teacher certification (when
parental education level is
controlled for)
Degree of state regulation
Degree of structure

Y

Amount of structured learning time

Y

Y
Y

Females outperform males
More money increases performance

Y

Higher income increases
performance
Parents with college degree increase
performance
Neither parent certified increases
performance

N
Y

More structured increases
performance
More structured learning time
increases performance

Collegiate Achievement of Homeschoolers. Not only have studies examined the
academic success of homeschoolers in K–12, but also a few have studied the academic
success of homeschoolers as they moved into postsecondary studies. There has been a
general consensus in the findings of previous research that demonstrated that homeschool
students are adequately prepared for academic success in college (Basham et al., 2007;
Bolle-Brummond & Wessel, 2012; Gloeckner & Jones, 2013; Holder, 2001;
Lattibeaudiere, 2000; Sutton & Galloway, 2000). In their qualitative study, BolleBrummond and Wessel (2012) found that a homeschool background did not have an
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effect on a student’s transition to college, and that homeschool graduates generally
experience college the same way traditionally schooled students do. This consensus
seems to have carried over into the thinking of admissions officers, who have been found
to generally perceive homeschoolers as being ready for the rigors of college studies
(Gloeckner & Jones, 2013; Kelly, 2015; McCulloch, Savage, & Schmal, 2013). The
specific studies regarding perceptions of admissions officers will be addressed later.
Most postsecondary studies that have compared high school type when looking at
academic success have directly analyzed the academic results of students, usually by
comparing GPA scores. Jenkins (1998) compared GPA values for first-time community
college students and found that homeschooled students had significantly higher GPAs
than non-homeschooled students did. Jenkins also found significant differences between
homeschoolers and non-homeschooled students for Texas Academic Skills Program
(TASP) mean reading scores and mean math scores, but not for mean writing scores.
Holder (2001) found a statistically significant difference in the GPAs of homeschoolers
and traditionally schooled students in college, where the homeschoolers scored
significantly higher. When they performed a multivariate analysis of variance
(MANOVA) of 10 academic success indicators of students at a private, faith-based
liberal arts institution, Sutton and Galloway (2000) found no statistically significant
difference in academic achievement among groups of undergraduates when they
compared the high school types of homeschooling, private school, and public school.
Based on their findings, Sutton and Galloway noted that “the inability of the home school
to outperform their private and public school counterparts academically suggests that
home school students are not generalizing their exceedingly high K-12 achievement
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scores to the college level” (p.143). In contrast, Cogan’s (2010) study at a medium-sized
doctoral institution (p. 19) found that homeschooled students had significantly higher
first-semester, first-year, and fourth-year GPAs when compared to the average firstsemester, first-year, and fourth-year GPAs of the overall cohort. Using regression
analysis, he also found that homeschooling had a positive impact on first-year GPAs and
fourth-year GPAs. In a comparison of homeschooled and traditionally schooled students
attending a community college in SC, Bagwell (2010) found that homeschoolers scored
significantly higher in their collegiate GPAs for math, science, and English composition
as well as in their overall GPAs in their first semester of study. In summary, most studies
have found that that homeschoolers have higher GPAs, at least initially, in their
postsecondary studies.
While the aforementioned studies examined GPA values for students early in their
collegiate experience, Almasoud and Fowler (2016) studied students’ final GPAs at a
private university that focuses on STEM studies. Since the sample size of homeschoolers
was low (N = 22), they used gender to match the same number of traditionally schooled
students. Results of an independent samples t-test demonstrated that homeschooled
students had a significantly higher cumulative final GPA than traditionally schooled
students.
A slightly different design methodology is to use high school type as a predictor
for academic success in college. Litscher (2015) found that the strongest predictor of
FGPA was high school grade point average followed by ACT scores, and that graduating
from a public school had a negative effect on FGPA. He concluded that “high school type
does, in fact, have a statistically significant effect on first-year grade point average” (p.
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81). He also found that no other school type (private faith, private secular, homeschool)
had a significant effect on FGPA; however, HSGPA explained more variance in FGPA
than school type did. As Litscher noted, the negative impact of public school on FGPA in
his study may not be due to being less academically prepared for college, but rather due
to the fact that these students may not be as familiar with the faith-based content of their
college courses since his study was done at a private, faith-based postsecondary
institution.
Some collegiate studies have included analysis of other variables besides high
school type when studying academic success. In a study performed at Patrick Henry
College, a college specifically designed to attract homeschoolers, Bennett (2016) noted
that “results suggest that the effect of homeschooling on GPA may be stronger for
students whose mother has a college degree” (p. 14), and that “homeschool background is
not a significant determinant of academic performance at Patrick Henry College (PHC),
all else equal” (p. 11). Yu et al. (2016) conducted one of the most comprehensive high
school type analyses of collegiate academic success by matching 732 traditionally
schooled students with homeschooled students using postsecondary institution of
enrollment, ethnicity, gender, HSGPA, SAT, and SES to 732 to see if high school grades
and standardized test scores predict retention and academic achievement at the college
level. Their findings demonstrated that “homeschooled students came from families with
higher SES, had obtained better test scores, and earned better grades in high school and
college” (p. 36). When compared to all the traditionally schooled students,
homeschoolers did demonstrate higher academic achievement; however, when compared
to the matched traditionally schooled students, “performance differences between
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homeschooled and traditional students effectively disappeared” (p. 36). Yu et al. also
found that while HSGPAs demonstrated correlation with outcomes for FGPAs and
retention for traditionally schooled students, for homeschooled students HSGPAs were
not as strongly correlated with these variables as SAT scores were. These results are
interesting considering earlier results found in a review of homeschool studies by Basham
et al. (2007), who noted that homeschooling appears to help students overcome
socioeconomic differences. They wrote that their review found that “public schools seem
to educate children of poorly educated parents worse than do the poorly educated parents
themselves” (p. 3). The studies they reviewed, however, may not have been as stringent
on SES descriptors as other studies. For example, Basham et al. quoted Rudner, who
found that “at every grade level, the mean performance of home school students whose
parents do not have a college degree is much higher than the mean performance of
students in public schools” (Rudner, 1999, p. 25). Rudner’s study, however, had a
limitation of participant self-selection, and SES is more than just parental education. As
such, this researcher recommends that SES be factored into these types of studies.
To summarize, the findings concerning the academic success of homeschoolers at
the collegiate level are mixed. For example, Kuntzman and Gaither (2013) wrote that
most studies on adult collegiate experiences “have found little to no difference on a wide
range of variables between previously homeschooled and previously institutionally
schooled students,” and also noted that “several studies have found that homeschoolers
outperform their institutionally schooled peers with similar demographic backgrounds in
grade point average” (p. 29). So while some researchers (Bagwell, 2016; Cogan, 2010;
Jenkins, 1999; Holder, 2001; Litscher, 2016; Snyder, 2011) have found that
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homeschooling correlates to increased academic performance at the collegiate level,
others (Sutton & Galloway, 2000; Jones & Gloeckner, 2004) have found no significant
difference between high school type as it pertains to academic achievement at
postsecondary institutions. It may be that SES factors are important variables that must be
considered when determining whether or not homeschool type has an effect on academic
success at postsecondary institutions as suggested by Yu et al.’s (2016) study, where
there was a significant difference when SES was not considered but no significant
difference when it was, providing a key example of why it is important for samples of
homeschooled students to be carefully matched with traditionally schooled students.
Perceptions of Homeschoolers at the Collegiate Level. As previously mentioned,
homeschooling is legal in all 50 states in the U.S, but each state has its own statutes or
laws that regulate homeschooling. This has created unique situations for postsecondary
institutions with respect to applications for admittance, since homeschoolers may not
have the same official paperwork as students graduating from traditional high schools. To
that end, studies have been conducted to examine the application process for
homeschoolers and the perceptions of college admissions officers. Jenkins (1998)
performed one of the earliest studies on perceptions of admissions officers and compared
it to her statistical findings regarding GPA and TPAS tests. She noted the following:
While the majority of admissions officers felt that home schooled students
admitted to the community college would be as successful or more successful
than students admitted from accredited high schools, fewer of them felt that home
schooled students under the age of 18 were academically prepared for college. In
general, the attitudes of admissions officers, as determined by their responses to a
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question dealing with the expected success of home schooled students, were not
consistent with the actual performance of the home schooled students. Home
schooled students performed significantly better than non-home schooled students
on the basis of GPA, TASP reading, and TASP math scores, yet only 27% of the
admissions officers in the survey expected home schooled students to perform
better than students who had graduated from accredited high schools (pp. 131132).
Later studies on admissions officers’ perceptions of homeschoolers’ academic
achievement seem to have demonstrated how the expectations of admissions officers
have changed from this initial study, since the expectations were more closely matched to
the academic success demonstrated by homeschoolers. Gloeckner and Jones (2013) found
that 56% of participants said that they thought homeschoolers would do just as well as
traditionally schooled students, and 22% said they expected them to do better than
traditionally schooled students. Of the admissions officers who participated in the survey,
all of those from faith-based schools expected homeschoolers to earn a similar FGPA as
their traditionally schooled peers, while only 50% of those from private institutions had
the same expectation with an additional 27.8% expecting them to do better, and 51.6% of
the participants from state institutions expected similar FGPAs with an additional 25.8%
expecting them to do better. Gloeckner and Jones (2013) summarized their findings by
stating that “the attitudes and perceptions of admission officers proved favorable toward
the expected success of the homeschooled graduate” (p. 320). They noted that admissions
officers’ overall favorable perception of the success of homeschoolers in college was a
“tremendous shift” (p. 321).
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McCulloch, Savage, and Schmal (2013) found that admissions officers from both
private/religious and secular postsecondary institutions tended to perceive incoming
homeschool graduates as similarly or better academically prepared but less socially welladjusted as compared to their traditionally schooled counterparts. Admissions officers
from colleges and universities that are members of the Council for Christian Colleges &
Universities (CCCU) were more likely to perceive homeschoolers as less socially welladjusted than those from non-member CCCU institutions. They also found that the more
years an admissions officer had worked, the less likely they were to accept the stereotype
of homeschoolers as socially awkward. McCulloch et al. (2013) found that admissions
officers who were politically conservative were more likely to view homeschoolers as
being academically prepared. In fact, these authors found that politics was a greater
predictor of admissions officers’ perspective on homeschoolers than religion was.
Following a review of the literature regarding the preparedness of homeschool
graduates for college, their college achievement and retention/graduation, and the
admission policies of the applicable colleges, Kelley (2015) found that while the average
academic achievement and graduation rates for homeschool graduates were above the
average of those from traditionally schooled backgrounds, college admission policies still
demonstrated the stigma that homeschool graduates are sub-standard applicants. Kelley
concluded that this stigma may the hinder efforts of homeschool graduates attempting to
gain entrance into postsecondary institutions.
Inferences and Limitations from Previous Studies on Academic Achievement
Inferences. By the late 1990s, postsecondary institutions as renowned as
Dartmouth College and Stanford University were recognizing the intellectual
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achievements of homeschoolers, and some institutions were beginning to actively recruit
them. Currently, even students from unstructured homeschooling settings frequently
attend college (Riley and Gray, 2015). The above literature review of studies about
homeschool academic achievement can be summarized by Gloeckner and Jones (2013),
who wrote that these studies provide “evidence that homeschooling is an effective
alternative path to college for the children of many families” (p. 309). In truth, while not
all studies find that homeschoolers demonstrate a statistically significant higher level of
academic success, there is no study to date that indicates that homeschoolers perform
more poorly than those who are traditionally schooled. Based on his review, Kelly (2015)
goes so far as to note that homeschool graduates are equal to, if not better prepared for,
the rigors of academic life at postsecondary institutions and should not be discriminated
against during the application process simply because they were homeschooled.
Limitations. Although these studies frequently indicated that homeschoolers
consistently score higher in academic testing for standardized tests and both high school
and college GPAs, the design of some of these studies provides for poor comparison to
traditionally school studies at best, or no valid comparison at worst (Basham et al., 2007;
Martin-Chang et al., 2011). While collegiate studies do not have be as concerned with
self-selected participants, as previously mentioned, the results of some K–12 studies have
been questioned because of the self-selection of participants and non-similar testing
strategies (Rudner, 1999; Ray, 2004; Lubienski et al., 2013). Although the issue of selfselection is not as critical for collegiate studies, the problem of sample size is. The
number of homeschooled students enrolled at a postsecondary institution is generally far
less than that of traditionally schooled students, making adequate sample sizes difficult to
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obtain. It is not unusual for homeschool applicants at state schools to make up less than
3% of the applicant pool (Kelly, 2015). While larger samples can be obtained from a
combination of several institutions or databases, homogeneity of participants can then be
lost.
Rudner (1999) noted that traditional schools might use standardized tests that are
closely aligned to curriculum. Homeschool curriculum may not follow the same
curriculum as traditional schools do since the objectives parents have for their
homeschooling their children are often different than the objectives of traditional
education, and they may use the same standardized tests as traditional schools merely out
of convenience. Although this could place a limitation on the success of homeschoolers,
they have generally scored above the national average scores of traditionally schooled
students (Bagwell, 2010; Clemente, 2006; Cogan, 2010; Jones & Gloeckner, 2004a;
Martin-Chang et al., 2011; Litscher, 2016; Rudner, 1999; Snyder, 2011).
It is also possible that families that choose to homeschool may be different than
those who do not, and these differences could affect outcomes (Gray and Riley, 2013).
Ray (2017a) stated that “homeschooling families and their students do not appear to be a
representative cross-section of all families in the United States” (p. 92). Researchers who
used samples matched by SES factors prior to data analysis have recently begun to take
these differences into consideration (Boulter, 2017; Holder, 2001; Yu et al., 2016).
Researchers must also be careful not to equate correlation with causation
(Devroop, 2000; Gray and Riley, 2013; Lubienski et al., 2013; Ray, 2017a). Lubienski et
al. (2013) go so far as to write that “claims in the areas of . . . outcomes and effects of
homeschooling . . . are all, on closer inspection, quite problematic” (p. 383). Since none
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of these studies can ever be truly experimental, researchers should never go so far as to
say that homeschool is the cause of greater academic achievement, only that it is
correlated with it, or that it has been shown to have an effect (Lubienski et al. 2013;
Martin-Chang et al., 2011; Ray, 2017a).
Due to the abundance of homeschool studies that have now been performed,
however, including those that have been carefully designed to reduce the potential for
error and the limitations found in earlier studies (e.g., Martin-Chang et al., 2011; Yu et
al., 2016), the consistency of the findings should be considered. Ray (2017a) noted that
enough studies have been performed that generalized findings can be made, but overall
these studies must be interpreted carefully. Not everyone agrees with these sentiments as
evidenced by Lubienski et al. (2013), who wrote the following:
However, we are not aware of any compelling evidence that deregulation to this
point has improved the effectiveness of the practice. Indeed, in lieu of any firm
evidence that the homeschooling “treatment”—as opposed to home factors—is at
all effective, it is far from clear that expanding the movement will increase its
impact (p. 388).
It should be noted, though, that “home” includes all the aspects these authors argue may
be causing the results rather than just the academics of homeschooling. These are the
very reasons parents have given for wanting to homeschool (Basham et al., 2007;
McQuiggan & Megra, 2017). One cannot separate homeschooling from things like small
class size, personal teacher attention, safe learning environment, etc. The entirety of the
home environment is included in homeschooling; however, it is also for these reasons
that the increasing trend of using SES factors to match samples for high school type
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comparisons increases the validity of the findings of these kinds of studies. Lubienski et
al. (2013) also wrote that “evidence indicates that the movement is growing for other
reasons” (p. 388) but provided no citations to back up this claim.
One significant limitation of most postsecondary homeschool studies was the
limited number of homeschool students. Holder had a sample size of 17, Saunders had a
sample size of 21, and Cogan’s three datasets contained 76, 70, and 27 students,
respectively. Yu et al. (2016) stated that one of the limits to homeschool studies is that
postsecondary studies have been “limited by small sample sizes of homeschooled
students from a small number of postsecondary institutions” (p. 31). Yu et al. were able
to overcome this limitation by using the large College Board multi-institutional database,
but this also has limitations in that it no longer enables an institution to determine specific
areas of weakness that can be improved. While the number of institutions will continue to
increase as the number of studies increases, it would be helpful to perform research at a
postsecondary liberal arts institution that has a higher percentage of homeschool
graduates.
Retention at Postsecondary Institutions
Postsecondary Retention in the U.S.
Retention occurs when a postsecondary institution retains a student from one year
to the next. A student is said to persist when he or she returns to the postsecondary
institution each year until graduation occurs. Colleges function because students attend
and persist through until graduation and thus commit substantial resources to that
endeavor (Tinto, 1999). At a time when financial resources are increasingly difficult for
postsecondary institutions to come by, these institutions want to ensure that monies spent
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on attracting students to continue their education at their institution are not lost to
students failing to persist through to graduation. Numerous articles and books have been
written on how postsecondary institutions can retain students through to graduation, with
numerous suggestions on what these schools need to do to improve retention (Tinto,
2006). Tinto (2006) wrote that “student retention has become a big business for
researchers, educators, and entrepreneurs alike” (p. 2).
Despite this increased focus on retention over the past 40 years, institutions of
higher learning have struggled to create an increase in the graduation rates of their
students. Data collection for the most recent NCES survey for students enrolling in any
type of postsecondary studies for the first time in the 2011–2012 school year found that
only 41.7% of students were retained at that institution after three years (NCES, 2016).
While some of those who were not retained did move to other postsecondary institutions,
over 28% did not (NCES, 2016). Numbers for retention for those who enrolled at a fouryear institution were somewhat better, with 59.1% retention after three years (NCES,
2016), but there is still room for improvement. Of those students followed beginning in
the 2003–2004 school year who enrolled at four-year institutions, only 50.5% had earned
a bachelor’s degree within six years, 25.0% had moved to a different institution, and
16.7% had left the institution where they began their studies and had never enrolled
anywhere else (NCES, 2011). It is these types of statistics that cause researchers and
institutions alike to wonder what more needs to be done to retain students and help them
reach their goal of degree attainment (Astin, 1975; Brier et al., 2008; Hadlock, 2012;
Pascarella & Terenzini, 2005; Tinto, 1993, 2006).
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Theories of Retention
Over the past 40 years of research on retention in higher education, two main
theories have emerged: Tinto’s (1975) theory of departure, and Astin’s (1975) theory of
student involvement. Tinto’s (1975) model predicts that students will persist if integrated
with an institution and its members, especially in the academic and social arenas, while
Astin’s (1975) model predicts that the more involved a student is, the greater the chance
he or she will persist. While the two theories would seem to share some overlap, they are
different enough that researchers will generally use one or the other, not both.
A brief summary of each theory is provided to demonstrate the main distinctions
between them. Astin’s 1975 theory was a result of a longitudinal study in which he
determined what factors had positive or negative effects on student persistence (Astin,
1984). He found that all factors, both positive and negative, revolved around student
involvement. Astin (1984) defined student involvement as follows:
student involvement refers to the amount of physical and psychological
energy that the student devotes to the academic experience. Thus, a highly
involved student is one who, for example, devotes considerable energy to
studying, spends much time on campus, participates actively in student
organizations, and interacts frequently with faculty members and other
students (p. 518).
Essentially, Astin (1975, 1984) argued that the more involved a student is, the more
likely he or she is to persist.
Tinto’s 1975 theory built on Durkheim’s (1897/1951) theory of suicide as an
initial framework. Tinto defined his “theoretical model of dropout” as follows:
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a longitudinal process of interactions between the individual and the
academic and social systems of the college during which a person’s
experiences in those systems (as measured by his normative and structural
integration) continually modify his goal and institutional commitments in
ways which lead to persistence and/or varying forms of dropout (p. 94).
Tinto argued that interactions a student has prior to coming to college, along with
interactions that occur during his or her time at college, would shape and reshape the
student’s overall commitment to persist in college. Tinto disagreed with Astin because
Astin used a multi-institutional study to develop a theory to explain why students drop
out of an individual institution (Tinto, 1993). Tinto argued that “results from studies of
system departure cannot be used to study institutional departure” (p. 36). As such, Tinto
has argued that retention must be studied at a single institution instead of across several
institutions.
Of the two models, Tinto’s theory of departure will form the theoretical
framework for this study. The reasons are twofold. Litscher (2015) summarized the first
reason when he wrote that “according to Pascarella and Terenzini (2005), Tinto’s theory
of student retention is probably the most widely used model that guides research in
retention” (p. 7). The second is that the few studies that have examined homeschooling
and retention in higher education have most often used Tinto’s model in some way to
form all or part of their theoretical framework (Bolle-Brummond & Wessel, 2012; Bolle,
Wessel, & Mulvihill, 2007; Kraznow; 2004; Lattiebeaudiere, 2000; Litscher, 2015;
Saunders, 2006). A more detailed examination of Tinto’s model is therefore provided
below.
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Tinto’s Theory of Retention
Background for the Theory. When Tinto (1975) initially introduced his theoretical
model of dropout behavior it was an attempt
to formulate a theoretical model that explains the processes of interaction between
the individual and the institution that lead differing individuals to drop out from
institutions of higher education, and that also distinguishes between those
processes that result in definably different forms of dropout behavior (p. 90).
The foundation for his theory built on the work of William Spady (1970), who had
applied Durkheim’s (1897/1951) theory of suicide (Tinto, 1975, 1993). Tinto (1975)
differed from Durkheim’s theory in that Durkheim sought to describe conditions of
“malintegration” into society that lead to suicide, and Tinto sought to predict how lack of
integration into the college society would lead to dropping out.
Tinto’s theory has essentially reached paradigm status (Braxton, 2002). His model
has been used in numerous studies, has been evaluated for its predictive abilities
(Braxton, Sullivan, & Johnson, 1997; Pascarella & Terenzini, 1980), and has been refined
by both Tinto himself (Tinto, 1993) and others (Brower, 1992 (the addition of life task
constructions); Nora, Baslow, and Crisp, 2005 (the addition of environmental push-pull
factors); Peterson, 1993 (the addition of self-efficacy); Stage, 1989 (the addition of
motivation)). Because of its value in providing a predictive framework for retention
within a single institution, Tinto’s updated model (1993) is summarized for use in this
study.
Summary of Analogy to Van Gennep’s Work. For his revised interactionalist
theory of student departure, Tinto (1993) referred to the work of Van Gennep’s The Rites
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of Passage (translated 2010) to begin the explanation of his theory of student departure
from an institution. Tinto took Van Gennep’s theory regarding the rites of passage that he
believed occurred as an individual moved from childhood to adulthood, or from one place
to another, and applied them to the student who leaves behind the former communities of
home and enters the new communities of college. Tinto expressed belief that once in
college, a student would go through all three stages Van Gennep describes. These stages
are separation, transition, and incorporation/integration.
Separation requires those attending college to remove themselves from their
previous communities. This requires students to move away from the “intellectual and
social environment” they were accustomed to into one that may be drastically different
and may even cause rejection of what students previously thought was normal
(Lattibeaudiere, 2000, p. 107; Tinto, 1993). Tinto (1993) wrote that “for virtually all
students, separation from the past is at least somewhat isolating and stressful, and the
pains of parting at least temporarily disorienting” (p. 96). For some students, separation
from parents and home is so stressful that students may not overcome it and be able to
persist.
Next, transition occurs when a student has not yet completely accepted the new
social and intellectual norms but has separated herself or himself from those of the past.
Those who come from pasts that are very different from their current new communities
“face [the] especially difficult problem in seeking to achieve competent membership in
the new communities” (Tinto, 1993, p. 97). While Tinto provided examples of racial
minorities, older students, and those with some type of handicap as facing greater
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transition stressors, homeschoolers may also fit into this category because they are
adjusting from a non-classroom environment to that of a structured classroom setting.
Tinto (1993) noted that separation and transition occur early in the college career,
and once passed lead to incorporation/integration into the “new communities of the
college” (p. 98). Because the student has “moved away from the norms and behavioral
patterns of past associations,” he or she “now faces the problem of finding and adopting
new ones appropriate to the college setting” (p. 98). In order for integration to be
successful, the student must “establish satisfying intellectual and social membership” (p.
99).
Summary of Aspects of Integration. In order to explain how the process of
intellectual and social membership integration occurs, Tinto moved from Van Gennep to
Durkheim’s theory of suicide (1951) in order to provide a framework (Tinto, 1993). Tinto
began with Durkheim’s theory when he first proposed his model of institutional departure
in 1975. Tinto made note of the following comparison between suicide and institutional
drop out:
Egotistical suicide provides the analogue for our thinking about institutional
departure from higher education. It does so not so much because voluntary
leaving may be thought of as a form of education suicide, but because it
highlights the ways in which the social and intellectual communities that make up
a college come to influence the willingness of students to stay at that college
[emphasis in the original] (p. 104).
The theory for Tinto’s (1993) interactionalist Model of Student Departure is
applicable only to students who voluntarily withdraw, not to those who were forced to
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withdraw for academic or disciplinary reasons. Both Tinto’s 1975 model and his updated
1983 model began with what Tinto called the “pre-entry attributes” (p. 114) students
bring with them when they leave their high school communities and transition to
postsecondary communities. While these pre-entry attributes certainly include the SES
background a student has grown up in, they also include personal characteristics, the type
of education experienced before college, and what the student expects to attain from his
or her educational experience. While each student is different and brings a unique set of
these “pre-entry attributes,” Tinto noted that “we can talk of aggregate [emphasis in the
original] differences in patterns of departure between groups of students and types of
institutions” (p. 72). As such, those who graduated from high school in a homeschool
setting would be a different aggregate of students than those who graduated from a
traditional school setting.
The family background, skills and abilities, and prior schooling (Tinto, 1983, p.
114) a student has will lead to the expectations a student has regarding what he or she
hopes to attain from his or her college experience. These expectations are the “intentions”
and “commitments” (p. 114) that make up the “primary roots of departure” (p. 37).
Litscher (2015) summarized this idea in relation to attendance at a faith-based institution
as follows: “Stated differently, it could be that going to an institution where the majority
of people believe the same thing as you is a strong factor in choosing a college” (p. 90).
Because this type of student comes in with a high level of commitment to that institution,
it is more likely that the student will be retained. Commitment to goal achievement
comes alongside commitment to the institution. The higher the intended “educational or
occupational goals, the greater the likelihood of college completion” (Tinto, 1993, p. 38).
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Additionally, students must be committed to putting in the effort required to obtain a
degree (Tinto, 1993). Someone who expects to finish a doctoral degree is therefore more
likely to finish a four-year degree than someone whose ultimate educational goal is an
undergraduate degree. As previously mentioned, research has already demonstrated the
validity of this for STEM majors. Eagan et al. (2013) found that STEM students who
entered their undergraduate STEM degree studies with plans to go on to graduate school
had a higher probability of graduating with the undergraduate STEM degree. According
to Tinto (1975, 1993), the more committed a person is to attaining his or her goal, the
more likely he or she is to achieve it; however, he also notes that initial intentions and
commitment to a degree are not enough to prevent a student from dropping out. Using
cost/benefit analysis, decisions are made based on what will provide the most benefit
over time. Withdrawal from college occurs when the student no longer feels the time,
effort, and resources put towards enrollment provide greater benefit than another
alternative.
While initial intentions and commitment are important, Tinto also argued that for
his model of college departure, social and academic integration of the student into the
institution are the factors that will have the greatest effects on the student’s persistence.
Regarding this combined integration, he wrote the following:
Presumably, lack of integration into the social system of the college will
lead to low commitment to that social system and will increase the
probability that individuals will decide to leave college and pursue
alternative activities . . . [but] a person can conceivably be integrated into
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the social sphere of the college and still drop out because of insufficient
integration into the academic domain of the college (Tinto, 1975, p. 92).
Tinto also noted that “it is the individual’s integration into the academic and social
systems of the college that most directly relates to his continuance in that college” (p.
96).
Tinto acknowledged that outside factors will affect a student’s persistence;
however, if nothing changes externally for a student, then “dropout is to be taken to be
the result of the individual’s experiences in the academic and social systems of the
college” (p. 103). The reason for this is that increased academic and social integration
lead to an increase in the aforementioned intentions and commitments that lead to
persistence.
When he described Tinto’s model regarding what makes up the academic and
social systems a student encounters, Litscher (2015) referred to these systems as being
both formal and informal interactions. He wrote that formal academic interactions include
“academic performance, classroom attendance, etc.,” and that informal interactions
include “interactions with faculty/staff outside the classroom, identification with beliefs
and norms in the academic system, etc.” (p. 9). Litscher listed formal social interactions
such as “extracurricular activities, student engagement/leadership, etc.” and informal
interactions such as “peer group interactions, identification with beliefs and norms in the
social system, etc.” (p. 9).
Although Tinto (1993) relied heavily on both social and academic integration as
the foundation of his theory, he argued that once a student enters college, social and
academic integration are to be thought of as “conceptually distinct processes, [sic] they
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are mutually interdependent and reciprocal” (p. 119). He went on to say that “it is
necessary to note that the model does not argue that full integration in both systems of the
college is necessary for persistence” (p. 120). Later, Tinto (1999) stated that academic
learning is what is most important to student retention. He wrote, “Students who learn are
students who stay. Institutions that are successful in building settings that educate their
students are institutions that are successful in retaining their students” (p. 6). Examining
various aspects of Tinto’s model therefore provides pieces of the picture that can be
assembled to reveal what student departure looks like, especially as it pertains to
academic integration and student grades.
As a final note, Tinto’s model is one that examines the longitudinal character of
student withdrawal. As such, Tinto (1993) recommended that assessment of student
withdrawal should also be longitudinal in its design. He suggested that “data collection
must be timed to obtain information at a number of different points in the student’s
passage through the institution and be structured to permit the tracing of student
movements into and through the institution from entry to exit” (p. 219). Most retention
studies have not been longitudinal in nature, but instead looked only at a snapshot of
some aspect of student interaction within the college at a particular time—most often the
freshman year. Even Pascarelli and Terenzini’s (1983) analysis of the predictive nature of
Tinto’s model only examined freshmen. While it is known that the majority of voluntary
student withdrawals from college occur after the freshman year (DeBerard, Spielmans, &
Julka, 2004; Tinto, 1993), it would help to design studies that include data from more
points in time in the students’ college careers.

73

Validity of Tinto’s Model. Pascarelli and Terenzini (1983) noted that Tinto’s
model detailed a framework that has provided an “important contribution to our
understanding [emphasis in the original] of the attrition phenomenon, rather than simply
an algorithm for predicting it” (p. 215). As such, most studies that have used Tinto’s
model either as a framework to study retention (e.g., Bolle-Brummond & Wessel, 2012;
Hadlock, 2012; Lattibeudiere, 2000; Litscher, 2015; Saunders, 2006) or to test the
validity of the model (Braxton, Sullivan and Johnson, 1997; Pascarella &Terenzini, 1980;
Pascarelli & Terenzini, 1983) have only examined the major (or sometimes minor) parts
of the model. Pascarelli and Terenzini’s (1983) analysis of the predictive nature of the
whole of Tinto’s model on freshmen found that “the constructs outlined in Tinto’s model
have reasonable predictive power in explaining variance in freshman year
persistence/voluntary withdrawal decisions” (p. 224). They also found that “academic
integration directly influenced goal commitment which, in turn, had a direct effect on
persistence” (p. 221). A study that examines aspects of academic integration should
therefore be able to determine its effect on persistence.
Revising Tinto’s Model. Although Tinto (1975, 1993, 2012) argued that his model
was designed for use at a single institution, it should be noted that many of the studies
that used Tinto’s model were multi-institutional studies. When Braxton, Sullivan, and
Johnson (1997) tested the empirical veracity of Tinto’s model using both singleinstitution studies and multi-institution studies regarding what they saw as 15 logical
propositions from his model, their conclusion was that there was only support for some of
the propositions. Braxton and Lien (2002) summarized the supported propositions as
follows:
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student entry characteristics affect the level of initial institutional commitment;
students’ initial levels of institutional commitments also influence their degree of
subsequent commitment to the institution; students’ subsequent commitment to
the institution is positively affected by their degree of social integration; the
greater the degree of students’ subsequent institutional commitment, the greater
the likelihood of their persistence in college (p. 11).
Based on their findings, Braxton et al. (1997) proposed that Tinto’s model should be
revised; however, these revisions deal primarily with social integration and not with
academic integration. Braxton and Lien (2002) made note of this and posited that
“perhaps academic integration performs a different role in the college student departure
process than envisioned by Tinto” (p. 11). This led Braxton and Lien to attempt to
determine whether or not there is empirical support for academic integration that leads to
either “subsequent institutional commitment or to student persistence” by analyzing
several studies from the 1980s and 1990s. Braxton and Lien summarized their findings by
stating that there is “robust empirical evidence” that academic integration has an effect on
students’ institutional commitment and persistence in multi-institution studies, but that
there is only “moderate empirical support” that academic integration has an effect on
students’ institutional commitment and persistence in single-institution studies (p. 22).
Because of their findings regarding single-institution studies, Braxton and Lien proposed
that researchers either abandon the construct of academic integration from Tinto’s model
or that researchers rethink this measurement. In fact, Braxton and Lien argued that the
latter is a viable option because within the single-institution studies, those institutions that
are categorized as commuter/nonresidential colleges and universities demonstrated strong
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empirical evidence that academic integration influences students’ institutional
commitment and persistence. Braxton and Lien went on to suggest a reevaluation of
Durkheim’s (1951) Theory of Egotistical Suicide as used in Tinto’s model of institutional
dropout by increasing the emphasis on “normative integration and intellectual isolation”
(p. 24). Braxton and Lien suggested that students might experience academic normative
incongruence regarding “the prevailing goals of the general education curriculum,
academic majors, and individual faculty members as well as epistemological assumptions
of various subject-matter areas, and the academic environments of various subject-matter
areas constitute patterns of attitudes, values, and beliefs” (p. 24). As such, this researcher
recommends that a study utilizing academic integration within Tinto’s interactionalist
theory of student departure would perhaps be helpful in more closely examining the
academic achievement of students regarding their specific field of study instead of just
their overall grades at a single institution.
Restricted Use of Tinto’s Theory. Tinto (1975, 1993) sought to develop a model
that differentiated a student’s voluntary withdrawal from college from withdrawal as a
result of academic failure. The purpose of his 1975 paper was to provide a theoretical
model that would provide a predictive framework that institutions could use to identify
reasons that students drop out of college. Tinto introduced this model as an
“institutionally-oriented model” (1975, p. 90) that indicated that the model was designed
for use at a single institution. In other words, the findings of one institution through the
use of the model could not be generalized to other institutions. Tinto reiterated this in
1993 when he wrote, “First and foremost the model is intended to speak to the
longitudinal process of departure as it occurs within an institution [emphasis in the
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original] of higher education” (Tinto, 1993, p. 112). Tinto made this argument yet again
in 2012 when he wrote that “the critical issue is not simply whether an institution’s
graduation rate is higher than that of its peers or greater than what one might expect, but
whether it is improving over time” (p. 152). Braxton and Lien (2002) noted that Tinto’s
model is more compatible with single-institution studies than it is with multi-institutional
studies. Tinto (2012) recommended that an institution should evaluate its
retention/graduation goals and not be overly concerned with those of other institutions
who may have different ultimate goals.
In summary, Tinto’s (1993) interactionalist Model of Student Departure provides
a valid framework to guide studies of retention at the collegiate level and has been widely
used for this purpose (Pascarella & Terenzini, 2005). Tinto (1975, 1993, 2012) clearly
stated that his model was to be used at individual institutions to enable those institutions
to develop plans to help their own students persist. Because students bring pre-entry
attributes such as SES, high school type, and academic preparedness to their
postsecondary studies, those attributes may help those same institutions to predict student
retention. Combined with the academic integration students exhibit through their grades,
these attributes would add data the institution could use to predict retention. Because
Tinto’s model is designed for a longitudinal approach, it would be helpful to gather data
points across the time a student is at college instead of just at one point in time. Finally,
Braxton and Lien (2002) noted that studies regarding the academic integration portion of
Tinto’s model might be better served by specifically examining areas of academics such
as a student’s chosen field of study.
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College Retention of Homeschooled Students
A handful of studies have been done on the retention of homeschoolers in college.
Of those studies, the majority of researchers have used Tinto’s interactionalist Model of
Student Departure as some or all of their framework (Bolle-Brummond & Wessel, 2012;
Bolle, et al., 2007; Kraznow, 2004; Lattiebeaudiere, 2000; Litscher, 2015; Saunders,
2006). Other studies have described another framework, reviewed findings from several
studies, or used some other means of describing the retention of homeschoolers at the
postsecondary institution they initially enroll in. As such, this portion of the review
examines those studies that use Tinto’s model separately from those that do not.
Transition of Homeschoolers to College. Researchers who have used Tinto’s
interactionalist Model of Student Departure have most often used it as part of a
framework for qualitative or mixed-method studies regarding the transition of
homeschoolers into postsecondary institutions in comparison with the transitions of
traditionally schooled students. A brief review of each of these studies is included in this
section.
Lattibeaudiere’s (2000) conceptual framework for her study “utilized a number of
student development, adjustment and retention models, including Tinto’s
reconceptualization of Van Gennep’s Rites of Passage theory” (p. v). Her mixed-method
study involved interviewing students and staff/faculty in addition to data analysis of
student completion of the Student Adaptation to College Questionnaire (SACQ). The
results of the study indicated that students were able to adjust “very well academically,
socially and emotionally to college compared to traditionally educated students in the
normative sample of the Student Adaptation to College Questionnaire” (p. 299).
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Kraznow (2004) used a qualitative approach combining Weidman’s socialization
framework and Tinto’s model and found that homeschoolers felt they had been well
prepared for the academic elements of postsecondary studies through their
homeschooling experiences, although some extended adjustments to being in an
academic environment were required.
Bolle, Wessel, and Mulvihill (2007) used a qualitative study to “determine if
experiences of [homeschooled] students corresponded with Tinto’s (1998, 1993) theory
of student departure” (p. 637). They viewed Tinto’s theory as applicable to
homeschoolers entering college because these students undergo a significant transition
from schooling at home to becoming a part of a collegiate community. Bolle, Wessel, and
Mulvihil found that homeschool students experienced similar issues to traditionally
schooled students who were transitioning to college.
Bolle-Brummond and Wessel (2012) used Tinto’s model of “institutional
departure” as their framework regarding homeschool students in college. While they cited
Tinto’s 1975 paper, they also cited Pascarelli and Terenzini’s 1980 and 1983 papers,
adding student-faculty relationships to Tinto’s model as a factor in student retention.
Bolle-Brummond and Wessel (2012) also cited Nora, Baslow, and Crisp’s (2005)
addition of “environmental push-pull factors” (p. 225) as an addition to Tinto’s model.
They found that homeschool background did not have an effect on a student’s transition
to college or his or her persistence, and that homeschool graduates generally experienced
college the same way traditionally schooled students did.
Similar to Kraznow’s study, Shields (2015) also examined homeschoolers’
perceptions of their social and academic integration into college; however, Shields used
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“Astin’s Theory of Student Involvement and Bowen’s indicators of student success” (p.
20) for her framework. Shields’ phenomenological study led to similar results as previous
studies in that homeschool students were able to apply their homeschooling experiences
to the college setting. Although Shields did not use Tinto’s model as the framework of
her study, she did note that the students’ “sense of belonging” followed Tinto’s “three
stages of transition,” and that “engagement [with peers] was the key to integration in the
college experience” (p. 144).
Retention of Homeschoolers in College. There is truly an extreme paucity of
studies on homeschoolers and retention at the collegiate level. Because the current
research is most closely patterned after these studies, they will be examined in greater
detail. Since most of these studies include academic analyses along with retention
analyses, the academic portions of these studies were referenced earlier, and the retention
portions are referenced here.
Saunders’ (2006) study utilized a freshman class of students at a private,
interdenominational, Christian college and included a sample size of N = 21
homeschoolers out the freshman class of N = 596. The stated purpose of Saunders’ study
was as follows:
to view the social integration and first-year persistence rates of previously
homeschooled first-year college students through the lens of higher education
retention models, [sic] and compare the performance of this population regarding
those items to students who were not previously home educated, but rather taught
in a classroom environment (p. 5).
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Saunders used those aspects of Tinto’s model that supported social integration as a
predictor of persistence – as discussed by Braxton, Sullivan, and Johnson (2004, p. 66) –
to quantitatively examine social integration as a predictor of persistence. Saunders
developed a statistical model to predict the persistence of students into the sophomore
year. One of the variables of the model was school type, and of all the variables tested for
significance to subsequent institutional commitment, only school type was found to be
significant in the regression models that were run. Of all the variables tested for
significance specific to influences on persistence, “subsequent institutional commitment
and type of schooling were the only predictor variables that showed a significant
influence on persistence in the final statistical model” (p. 78). It should be noted that the
results of Saunders’ study were based on the student’s intent to persist and not actual
persistence.
The purpose of Cogan’s (2010) study was to examine both academic outcomes
and retention. The study was done at a “medium-sized private university with a Carnegie
Classification of doctoral” (p. 21) and included homeschoolers sample sizes of N = 76,
70, and 27. This institution is Catholic. The study was longitudinal and utilized datasets
from the university to examine “first-year GPA, fourth-year GPA, fall-to-fall retention,
and four-year graduation” (p. 21). The reason grades were used as predictors of retention
is that students at the university who “persist tend to maintain higher GPAs when
compared to those who do not persist” (p. 21). While Cogan did not cite Tinto’s model as
a framework for the study, he did cite Bean (2005), who built on Tinto’s model in terms
of institutional commitment, and Pascarella and Terenzini (2005), who focused on the
aspects of Tinto’s model that concern social and academic integration. Cogan therefore
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recognized the importance of pre-college factors on student persistence, which is why he
used school type as one of his variables. Binary logistic regression analysis was used for
“fall-to-fall retention and four-year graduation rates” (p. 23). The results demonstrated
that in comparison with other school types, homeschoolers did have higher retention and
graduation rates, but homeschooling was not found to significantly contribute to the
retention model or the four-year graduation model.
Litscher’s (2015) study on homeschool academic achievement and retention in
college divided Tinto’s (1975) precollege schooling into two categories for his theoretical
framework: demographic background (what Tinto called family background) and
academic background. He described these two categories, their relation to Tinto’s model,
and their relation to the framework for his study as follows:
In other words, the family background over which a student has no control
(demographic information), which includes gender, ethnicity, family
income, and family educational background, and the student’s precollege
schooling (academic background), which includes high school grade point
average, standardized test scores, and the type of high school from which a
student graduates, has an effect on how committed the student is to their
educational goal (receiving a degree) and their institutional goal (receiving
that degree from the currently enrolled institution). Students’ initial goal
and institutional commitments have a subsequent effect on their continued
goal and institutional commitments (p. 2).
Litscher used regression analysis to determine which precollege characteristics, made up
of a student’s demographic background and academic background, predict retention (p.
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2). Specifically, the purpose of his study “was to investigate if the type of high school
from which a student graduates has an influence on their enrollment in the second year of
college at private, faith-based, liberal arts universities” (p. 3). Litscher used regression
analyses that used FGPA and persistence as the dependent variables. Within his
independent variables, Litscher found four statistically significant predictors of retention
at a faith-based private institution: HSGPA, being part of the majority denomination at
the school, being part of the minority Christian denomination at the school (e.g., Catholic
at a Baptist school), and having no loan after the first year. Students who were a part of
the majority denomination, those who had a high HSGPA, and those who had no school
loan after the first year were more likely to persist, while those who were a part of the
minority Christian denomination were less likely to persist. Litscher did not find any high
school type variable (public, private faith, private secular, or homeschool) that could
significantly predict persistence.
Retention and School Type Studies Without Tinto’s Model. The three previous
studies all used Tinto’s model or cited authors who used Tinto’s model as a framework
for their studies. The authors of the final two studies that examined retention and high
school type did not provide theoretical frameworks for their studies.
Jones and Gloeckner (2004a) stated that the purpose of their study “was to
determine differences, in first-year college academic performance, between home school
and traditional high school graduates, measured by grade point average, retention, ACT
test scores, and credits” (p. 18). Their sample size was N = 55 homeschoolers from a
single four-year public college in Colorado compared to N = 53 randomly selected
traditionally schooled students. While the specific type of data analysis used was not
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provided in the study, the data provided indicated that a two-tailed t-test was used to look
for significant difference. Jones and Gloeckner found no significant difference in
retention between homeschoolers and traditionally schooled students; however, they did
find a “strong link between ACT Composite test scores” and retention (p. 19).
The final study described here is Yu et al.’s (2016) comparison of homeschooled
and traditionally schooled students. Yu et al. noted that “a question of practical and
scientific interest is whether the academic performance of homeschooled students during
high school can effectively predict college performance” (p. 32). Yu et al. believed,
however, that differences in the background of homeschooled students may have
accounted for some of the results in other research that indicated homeschoolers had
higher academic achievement and retention rates than traditionally schooled students. To
account for these differences, each homeschool student’s SES was scored based on his or
her “father’s education, mother’s education, and parental income” (p. 33). These SES
scores, along with “gender, ethnicity, HGPA, [and] SAT [scores]” were used to match
732 homeschool students with 732 traditionally schooled students from a sample of
824,940 students (p. 33). Moderated multiple regression was used to determine whether
or not predicted retention outcomes based on HSGPAs and SAT scores were moderated
by high school type. When compared to the full sample of traditionally schooled students
or the matched sample of traditionally schooled students, there was no difference in
retention, and high school type did not have a moderating effect. These findings are
consistent with Cogan (2010) and Litscher’s (2015) findings.
Gloeckner and Jones’ (2004b, 2013) study of admissions officers supports the
findings of the five aforementioned studies. When asked about retention, Gloeckner and
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Jones found that 45.5% of respondents to their survey expected homeschoolers to have
similar retention rates to their traditionally schooled peers, and 12.7% expected the
retention rate for homeschoolers to be lower.
In summary, based on the few studies that have focused on high school type and
retention, only Saunders (2006) found that homeschooling was a significant predictor of
persistence, and her study examined students’ intent to persistence, not whether or not
they actually did persist. For those studies that examined high school type and the actual
retention of students, homeschooling was not found to be a significant predictor. As such,
these studies appear to indicate that homeschooled students and traditionally schooled
students persist at the same rate in postsecondary institutions; however, since there are
only a total of five studies of this type, no firm conclusion can yet be drawn. It should
also be noted that to date, no study has specifically examined high school type and
retention within a specific major.
Intersection of STEM Studies, Academic Achievement, and Retention
This literature review first focused on the need for increasing retention and
graduation among undergraduate students in STEM majors, and then on the growth of the
homeschooling movement in the U.S. and the success of homeschoolers at the collegiate
level. Finally, it focused on Tinto’s interactionalist Model of Student Departure regarding
student’s pre-entry attributes, transition to college, and social and academic integration
within college, all of which affect a student’s commitment to finishing his or her degree
at his or her initial institution of choice. As such, the literature research was centered on
the need for undergraduate STEM studies, academic achievement studies, and retention
studies in higher education while focusing on high school type in general and
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homeschoolers in particular. Because of this, the studies cited focused on academic
achievement and retention at postsecondary institutions through the lens of homeschool
research in order to provide a framework for the current study of the higher education
academic achievement and retention of homeschoolers who begin their postsecondary
studies by majoring in a STEM field.
There are hundreds more research articles on the topics of retention, academic
achievement, and undergraduate STEM studies that could be reviewed. Some of these
articles specifically study retention, others academic achievement, and still others the
relationship between the two, often from the perspective of how pre-entry attributes such
as HSGPA and ACT/SAT scores predict retention. For example, in his study at a private,
faith-based liberal arts institution, Denton (2012) found that HSGPAs and ACT scores
were the most significant predictors of FGPAs. His study is worth noting because it was
conducted at a private, faith-based liberal arts institution; however, as in most of these
types of studies, Denton did not include high school type as a possible predictor or
consider that it may have a moderating effect. Additionally, while studies have been cited
that examine undergraduate STEM majors and their academic achievement and retention
rates, there are no STEM studies that also consider high school type as a possible
predictor of success. As such, this literature review has, after providing a basic literature
review of each of the three main topics, further focused on studies on those studies that
included homeschooling as a part of the research.
A summary of these studies (Cogan, 2010; Listcher, 2015; Yu et al., 2016)
indicates that homeschoolers had higher academic performance (for example, higher
FGPAs) than traditionally schooled students, but there was no difference in retention
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between the two groups. The difference in academic performance may be due in part to a
higher SES in homeschool families, and when Yu et al. considered this possibility, the
initial academic difference between the two groups essentially disappeared. Since this is
the only study of its kind, and since research on retention has found academic
achievement at the postsecondary level to be a key aspect of both overall retention and
STEM retention, it is worth examining homeschoolers as a particular aggregate of
students to see if high school type and/or academic achievement prior to entrance into
postsecondary STEM studies are predictor variables of students’ academic achievement
in higher education, academic achievement within their STEM courses, and retention in
STEM majors.
While noting the potential limitations of using grades as indicators of academic
performance, Pascarella and Terenzini (2005) summarized research findings regarding
the intersection of grades and retention by stating that
college grades may well be the single best predictors of student persistence,
degree completion, and graduate school enrollment. Grades are one of the most
consistent predictors of these outcomes in both large, nationally representative
studies and in the far more numerous single-institution studies (p. 396).
Recognizing the significance of this relationship enabled Litscher (2015) to suggest that it
was “reasonable to conclude” (p. 17) that since FGPA is highly related to persistence,
factors such as high school type that can influence FGPA are also related to persistence.
This implies that homeschoolers who have higher HSGPAs and ACT/SAT scores would
likely be better prepared for academic success at college, would have higher FGPAs, and
would be more likely to persist than those with lower scores. This, however, raises
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questions about how these students would do in comparison to traditionally schooled
students. At present, no one has studied whether or not this persistence can be applied to
those who decide to major in a STEM field or whether or not this persistence continues
through to graduation.
Interpretative Summary
In order to continue to make advances in innovation, medicine, technology, and
other STEM-related fields, the U.S. must continually grow its STEM workforce by
graduating students with STEM degrees. The PCAST report recommended the addition
of at least one million more STEM jobs (Olson & Riordan, 2012), but retention among
STEM majors at postsecondary institutions is low (Cromely, Perez, & Caplan, 2016;
Green & Sanderson, 2017; HERI, 2010; Olson & Riordan, 2012; Stets, Brenner, Burke,
& Serpe, 2016; Trenshaw, Targan, & Valles, 2016). Research to find ways to improve
STEM retention is therefore needed; however, low retention within STEM is not unique,
because overall retention at postsecondary institutions is also low (NCES, 2016; Tinto,
1993, 2006).
Tinto’s interactionalist Model of Student Departure (1975, 1993) was designed to
provide a framework to enable institutions to examine retention within the institution and
find means of increasing student persistence. It is generally acknowledged that academic
achievement (as a part of what Tinto called academic integration) is vital not just to
retention in general (Astin 1975; Pascarella & Terenzini, 1980; Tinto 1975, 1993) but
also specifically to STEM majors (Astin & Astin, 1992; Cromely et al., 2016; Feng et al.,
2017; Maltese & Tai, 2011; Ost, 2010; Rask, 2010). It is also generally acknowledged
that academic achievement and retention in STEM degree studies at the collegiate level
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can at least initially (i.e., during freshman year) be predicted based on a student’s
HSGPA and standardized college entrance exam score (Griffith, 2010; Yu et al., 2016).
Given the growing number of homeschoolers in the U.S., however, researchers are
wondering if they are as academically prepared for the rigors of collegiate academics and
if they can be retained at the same levels as traditionally schooled students. While
research does seem to indicate that homeschoolers are academically prepared (Basham et
al., 2007; Bolle-Brummond & Wessel, 2012; Gloeckner & Jones, 2013; Holder, 2001;
Lattibeaudiere, 2000; Sutton & Galloway, 2000), little is known regarding how their precollege attributes such as HSGPAs and ACT/SAT scores are able to predict their
achievement in STEM majors or their retention within these degree programs. Some
researchers have also questioned whether or not the findings regarding the academic
achievement of homeschoolers at postsecondary institutions are a result of differences in
SES (Yu et al., 2016)
Gap in the Literature
Although many studies concerning STEM retention have been completed, no
researchers have attempted to discover whether or not high school type is a moderator of
academic achievement of STEM majors or retention within STEM degrees at a private,
faith-based liberal arts institution. By comparing the academic achievements of
homeschoolers with those of their traditionally schooled students, researchers have
looked to see if high school type does have an influence on postsecondary studies, and
some of these studies have included private, faith-based liberal arts institutions (Cogan,
2010; Litscher, 2015; Saunders, 2006). These studies, however, are concerned with the
general academic achievement of homeschoolers and have not focused on a specific
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major or field of study. There are very few studies that have looked to see if high school
type has an influence on retention at postsecondary studies, and none of these have
focused on a specific major or field of study (Yu et al., 2016).
How This Study Adds to the Current State of Knowledge
This study adds to the current state of knowledge by analyzing data regarding the
academic achievement and retention of STEM majors and address the lack of knowledge
regarding what predicts academic achievement and retention within STEM degree studies
based on high school type (homeschooled versus traditionally schooled) for students
attending a private, faith-based liberal arts institution. By determining whether or not
homeschooling, as a high school type, has a moderating effect on the predictive validity
of ACT/SAT scores for academic achievement, an institution can better evaluate their
application/acceptance policies for homeschool students. (Although most studies that
examine academic achievement of homeschoolers analyze HSGPA, this variable was not
used for this study because it was not available in the student dataset provided by the
selected postsecondary institution.) Additionally, by identifying areas of weakness
regarding the retention of STEM majors, an institution can work to implement those
procedures that will best help it improve areas of weakness and increase the retention of
STEM majors.
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CHAPTER III - METHODOLOGY
Overview and Restatement of Purpose
This study was a quantitative analysis of the potential moderating effect of
homeschooling on academic achievement and retention/graduation of STEM majors at a
private, faith-based liberal arts college. A secondary focus was to validate the importance
of using matched samples of traditionally schooled students and homeschooled students
when conducting these types of studies. This study utilized independent samples t-tests to
compare academic achievement, retention, and graduation between homeschoolers and
traditionally schooled students for both unmatched and matched samples. The study also
utilized hierarchical multiple linear regression to statistically test the effects of
independent variables on academic achievement, and hierarchical logistic bivariate linear
regression to statistically test the effects of independent variables on retention and
graduation within six years. Data concerning pre-entry attributes (high school type and
ACT scores), college academic achievement (FGPA, STEM_FGPA, GRADGPA,
STEM_GRADGPA), retention as a STEM major (from fall freshman year to fall
sophomore year), and graduation (graduated as a STEM major within six years of
beginning the program) was provided by a private, faith-based liberal arts college for all
first-time students who enrolled as STEM majors during the 2007–2008 to 2011–2012
academic years. The purpose of this study was to add to the current research regarding
the academic achievement and retention differences between homeschoolers and
traditionally schooled students when comparing unmatched to matched samples in STEM
majors, to add to the current research concerning the academic achievement and retention
of STEM majors, and to address the lack of knowledge regarding what predicts academic
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achievement and retention within STEM degree studies based on high school type
(homeschooled versus traditionally schooled) for students attending a private, faith-based
liberal arts college.
Research Objectives
The research objectives that guided the methodology of the study were aligned
with the research questions and hypotheses presented in Chapter I. Stating the research
objectives for the study will help to fulfill the purpose of the study. The following list
provides the research objectives and restates the hypotheses for this study:
1. To determine if there was a difference between academic achievement (ACT
scores, FGPA, STEM_FGPA, GRADGPA, STEM_GRADGPA), retention
(RET), and six-year graduation rates (GRAD) when comparing unmatched
and matched samples of homeschoolers and traditionally schooled students.
•

H1aum—Homeschoolers will have significantly higher academic
achievement grades and scores in the unmatched samples when compared
to traditionally schooled students.

•

H1am—Homeschoolers will not have significantly higher academic
achievement grades and scores in the matched samples when compared to
traditionally schooled students.

•

H1rum—Homeschoolers will not have significantly different retention rates
in the unmatched samples when compared to traditionally schooled
students.

•

H1rm—Homeschoolers will not have significantly different retention rates
in the matched samples when compared to traditionally schooled students.
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•

H1gum—Homeschoolers will not have significantly different graduation
rates in the unmatched samples when compared to traditionally schooled
students.

•

H1gm—Homeschoolers will not have significantly different graduation
rates in the matched samples when compared to traditionally schooled
students.

2. To determine the predictive validity of ACT scores on first-year academic
achievement (FGPA, STEM_FGPA) for STEM majors at a private, faithbased liberal arts college.
•

H2—ACT scores and homeschooling can positively predict first-year
academic achievement for STEM majors at a private, faith-based liberal
arts institution.

a. To determine if homeschooling moderates the predictive validity of the
above outcome.
•

H2a—Homeschooling will have a positive relationship to the predictive
effect of ACT scores on academic achievement for first-year STEM
majors at a private, faith-based liberal arts institution.

3. To determine the predicative validity of ACT scores on retention of freshmen
STEM majors to their sophomore year, continuing as STEM majors, at a
private, faith-based liberal arts college.
•

H3—ACT scores and homeschooling can positively predict retention of
freshman STEM majors to their sophomore year at a private, faith-based
liberal arts institution.
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a. To determine if homeschooling moderates the predictive validity of the
above outcome.
•

H3a—Homeschooling will have no relationship to the predictive effect
of ACT scores on retention for first-year STEM majors at a private,
faith-based liberal arts institution.

4. To determine the predictive validity of ACT scores on academic achievement
at graduation (GRADGPA, STEM_GRADGPA) for STEM majors at a
private, faith-based liberal arts college.
•

H4—ACT scores and homeschooling can positively predict six-year
college graduation academic achievement for STEM majors at a private,
faith-based liberal arts institution.

a. To determine if homeschooling moderates the predictive validity of the
above outcome.
•

H4a— Homeschooling will have a positive relationship to the
predictive effect of ACT scores on college graduation academic
achievement for STEM majors at a private, faith-based liberal arts
institution.

5. To determine the predicative validity of ACT scores of STEM majors on
graduation within six years with a STEM degree at a private, faith-based
liberal arts college.
•

H5—ACT scores and homeschooling can positively predict six-year
graduation rates of STEM majors at a private, faith-based liberal arts
institution.
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a. To determine if homeschooling moderates the predictive validity of the
above outcome.
•

H5a—Homeschooling will have no relationship to the predictive effect
of ACT scores on six-year graduation rates for STEM majors at a
private, faith-based liberal arts institution.

6. To determine the predictive validity of FGPA and STEM_FGPA on academic
achievement at graduation (GRADGPA, STEM_GRADGPA) for STEM
majors at a private, faith-based liberal arts college.
•

H6F—FGPA scores and homeschooling can positively predict academic
achievement at graduation for STEM majors at a private, faith-based
liberal arts college.

•

H6S—STEM_FGPA scores and homeschooling can positively predict
academic achievement at graduation for STEM majors at a private, faithbased liberal arts college.

a. To determine if homeschooling moderates the predictive validity of the
above outcome.
•

H6aF— Homeschooling will have a positive relationship to the
predictive effect of FGPA on college graduation academic
achievement for STEM majors at a private, faith-based liberal arts
institution.

•

H6aS— Homeschooling will have a positive relationship to the
predictive effect of STEM_FGPA on college graduation academic
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achievement for STEM majors at a private, faith-based liberal arts
institution.
7. To determine the predicative validity FGPA and STEM_FGPA of STEM
majors on graduation within six years with a STEM degree at a private, faithbased liberal arts college?
•

H7F—FGPA scores and homeschooling can positively predict six-year
graduation rates of STEM majors at a private, faith-based liberal arts
institution.

•

H7S—STEM_FGPA scores and homeschooling can positively predict sixyear graduation rates of STEM majors at a private, faith-based liberal arts
institution.

a. To determine if homeschooling moderates the predictive validity of the
above outcome.
•

H7aF—Homeschooling will have no relationship to the predictive effect
of FGPA scores on six-year graduation rates for STEM majors at a
private, faith-based liberal arts institution.

•

H7aS—Homeschooling will have no relationship to the predictive effect
of STEM_FGPA scores on six-year graduation rates for STEM majors
at a private, faith-based liberal arts institution.

For Research Objective 1, independent sample t-tests were used to compare academic
achievement, retention, and graduation between homeschoolers and traditionally
schooled students for both unmatched and matched samples. Hierarchical multiple linear
regressions were used to statistically test the effects of independent variables on academic
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achievement for Research Objectives 2, 4, and 6. Hierarchical logistic bivariate linear
regressions were used to statistically test the effects of independent variables on retention
and graduation within six years for Research Objectives 3, 5, and 7.

Preliminary Procedures
Setting
This study occurred at an accredited conservative Christian college in the
southeastern United States. It is a liberal arts institution that offers over 50 programs of
undergraduate study, as well as residential and online graduate degrees. The following
STEM degrees are included in those 50+ programs of study: Biology, Chemistry, PreMedicine, Pre-Pharmacy, Pre-Physical Therapy, Mathematics, Computer Information
Systems, Computer Science and Software Engineering, Electrical Engineering, and
Mechanical Engineering. All STEM faculty for major required courses have at least a
master’s degree in their respective fields, and some have a Ph.D. This setting was chosen
in order to provide an institution that could be used for a STEM retention study that had a
high enough enrollment of homeschoolers to provide a sample size large enough to
conduct valid and reliable analyses for the research objectives.
Data Source
The data for the study was obtained from the student information database at the
previously described institution. This data concerns students who were first-time college
students who elected to major in STEM programs at an accredited, private, faith-based
liberal arts institution, and who enrolled during the academic years of 2007–2008 to
2011–2012. Using this range of data provided five years’ worth of STEM graduates
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based on a six-year graduation rate. This created a sample size of several hundred
students. Most (if not all) homeschool studies conducted at a single institution have only
had access to a small number of homeschoolers. This study removed that limitation by
finding a large homeschool sample to compare with a traditionally schooled sample from
the same institution.
Data was obtained through the Office of Institutional Effectiveness at the
previously described institution. A data request was sent to this office and in return, the
office supplied the data in an Excel spreadsheet. The request sent to the office included
the following:
1. A list of all the students who were in one of the following majors at the end of
the first week of the first semester of their freshman year (fall only) for the
academic years of 2007–2008 through and including 2011–2012: Biology,
Chemistry, Pre-Medicine, Pre-Pharmacy, Pre-Physical Therapy, Mathematics,
Computer Information Systems, Computer Science and Software Engineering,
Electrical Engineering, and Mechanical Engineering.
2. For each of these students the following information was collected:
a. Major,
b. Gender,
c. Country,
d. High school type,
e. Whether or not the student worked on campus at any time during their
time in college,
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f. Whether or not the student was retained in a STEM major at the beginning
of their sophomore year,
g. Whether or not the student graduated with a STEM major within six years,
h. ACT or SAT score,
i. GPA at the end of the student’s freshman year,
j. GPA of STEM courses at the end of the student’s freshman year (see
Appendix A for STEM courses required by major),
k. Cumulative GPA at graduation, and
l. Cumulative GPA of all STEM courses at graduation.
Matching Process
Using matched samples provided a more robust regression analysis for each of the
outcome variables in this study. Ray (2017b) recommended using a matched-pair design
for studies that compare academic achievement between homeschoolers and traditionally
schooled students. Yu et al. (2016) noted that the characteristics of homeschoolers and
traditionally schooled students may differ and recommended a comparison “between
homeschooled students and a sample of traditional students matched to as many
characteristics of the homeschooled students as possible” (p. 32).
Of the academic achievement/retention studies conducted at the postsecondary
level that compared homeschoolers with traditionally schooled students, there are only a
few that utilized matched samples. Sutton and Galloway (2000) used the following
criteria to match samples for three high school types (homeschool, private school, and
public school): gender, race, age, and geographic region. Jones and Gloeckner (2004a)
used “a random sample of 53 traditional high school graduates (public, private, parochial,
99

etc.) who met the same criteria of the home school sample and matched by the home
school institution (n = 53)” (p. 18). Unfortunately, exactly what these criteria were (other
than just having data for the independent variable) was not indicated. While Bagwell
(2010) did not use a specific means to match his homeschool group with the traditionally
schooled group, he did use normative group equivalence procedures to statistically
analyze gender, race, and whether or not students were from within or without the
school’s service area. He did find significant differences in race within two of his age
groups, but he felt that this was due to more White people than minorities homeschooling
and, he therefore continued with the study. Almasoud and Fowler (2016) only used
gender to match their samples. For Yu et al. (2016), “a subset [of the original dataset]
was matched to the homeschooled students on postsecondary institution, gender,
ethnicity, HSGPA, SAT, and SES” (p. 33). They determined SES as follows: “[a]t the
time they took the SAT, students reported their father’s education, mother’s education,
and parental income” (p. 33). Yu et al. used these three variables to determine a
composite SES score.
Since none of the previously mentioned studied used the same matching criteria,
and since Yu et al. (2016) had the most robust matching process, this study most closely
aligned itself to Yu et al.’s matching variables. The variables that were used for matching
in this study are gender, ethnicity, and SES. While Yu et al. were able to determine a
composite value for SES based on other variables, this researcher did not have access to
any of the three variables used in Yu et al.’s study (father’s education, mother’s
education, and parental income) to determine SES. The importance of using as many
matching variables as possible, however, was recognized. To provide some measure of
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SES comparison, only those students who worked on campus were used in the matched
samples. This means that SES was used to match homeschooled students with
traditionally schooled students by assuming that they all had similar SES backgrounds
because they all worked on campus at some point during their college education. This
means, however, that there was no variability in SES since all students in the matched
samples worked on campus (i.e., no student will not have worked), and therefore SES
was not used as an independent variable in the regression. Additionally, although Yu et
al. (2016) used HSGPAs and SAT score as matching variables, they were not used for
matching purposes in this study. While this researcher understands Yu et al.’s attempt to
account for differences in academic preparedness in high school, it is that preparedness
that this study focused on to determine if a difference exists; therefore, those variables
were not used as part of the matching process.
Variables
Dependent Variables. The dependent variables in this study were the outcome
variables of the regression analyses. The outcome variables associated with the first year
of study were as follows:
1. First-year cumulative GPA (FGPA): This was the cumulative GPA of general
education and STEM courses a student earned at the end of his or her first
year of study as a STEM major.
2. First-year STEM GPA (STEM_FGPA): This was the cumulative grade point
average a student earned at the end of his or her first year of study as a STEM
major in his or her STEM courses.
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3. First-year retention in a STEM major (RET): This was determined based on
whether a student continued in a STEM major during his or her sophomore
year.
The outcome variables associated with graduation were as follows:
1. Cumulative GPA at graduation (GRADGPA): This was the cumulative GPA
of general education and STEM courses a student earned upon completion of
the graduation requirements for a STEM major.
2. Cumulative STEM GPA (STEM_GRADGPA): This was the cumulative grade
point average in STEM courses a student earned upon completion of the
graduation requirements for a STEM major.
3. Graduation (GRAD): This was determined based on whether a student
graduated within six years of beginning their STEM major.
Independent Variables. The independent variables used for statistical analysis in
this study were the same for analyses associated with the first year of study and with
graduation. These variables are as follows:
1. ACT score (ACT): This was the composite score received by the institution
from the ACT testing center or determined based on the transformation of the
student’s SAT score.
2. Homeschool: The high school type of a student was categorized as
traditionally schooled (0) or homeschooled (1).
3. FGPA and STEM_GPA became independent variables when Research
Objectives 6 and 7 were analyzed.
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Data Checking
The provided data was analyzed for completeness and accuracy. Students who
had missing data were dropped from the study instead of imputing the missing data.
There were enough students in the sample that it was acceptable to drop those with
incomplete data. Additionally, the data was checked for accuracy.
Analysis of the Data
Data Screening
Prior to running any regression analyses, the data was “screened and cleaned” in
Excel and again when it was imported into the statistical software Statistical Package for
Social Sciences (SPSS) version 25.0. Initially, descriptive statistics and frequencies were
ascertained to get a picture of what the data would indicate. Students who did not have
complete admissions data were removed from the sample. Cells containing text were
coded numerically in Excel before importing the spreadsheet into SPSS. Separate
spreadsheets were developed for both the unmatched samples and the matched samples.
Once each dataset was finalized in Excel, it contained the following columns: ID number
(this was a randomized number provided by the institution to identify entries within the
dataset, but was not an actual institution ID number that could be used to identify a
student), high school type (coded as one for homeschool and zero for traditional school),
retained (coded as one for retained to sophomore year in a STEM major and zero for not
retained), graduated (coded as one for graduated within six years with a STEM degree
and zero if not graduated), FGPA, STEM_FGPA, GRADGPA, and STEM_GRADGPA.
Once these steps were taken, the data was imported into SPSS and was ready for
statistical analyses. The first analysis conducted addressed Research Objective 1 and
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utilized independent samples t-tests to compare means for traditionally schooled students
to homeschooled students in the unmatched and then the matched samples. This was
followed by analyses addressing Research Objectives 2–7 that utilized different types of
multivariate regression. When looking at predicting outcomes using more than one
independent variable, multiple regression should be used for data analysis (Meyers,
Gamst, & Guarino, 2013). As such, hierarchical multiple regressions were used to
determine prediction models for FGPA, STEM_FGPA, GRADGPA, and
STEM_GRADGPA. This was done by entering ACT scores into the first block, ACT
scores and high school type into the second block, and ACT scores, high school type, and
the interaction of ACT scores and high school type into the third block. A significant
interaction effect in the third model indicated the presence of homeschooling as a
moderator. This was also the analysis method used to determine prediction models for
FGPA and STEM_FGPA individually on both GRADGPA and STEM_GRADGPA. For
these models, FGPA or STEM_FGPA were the independent variables instead of the ACT
scores. Hierarchical logistic bivariate regressions were used to determine the predictive
validity of RET and GRAD, since these are categorical variables (Field, 2009). This was
done by entering ACT scores into the first block, ACT scores and high school type into
the second block, and ACT scores, high school type, and the interaction of ACT scores
and high school type into the third block. A significant chi-square Block statistic in the
third model indicated the possible presence of homeschooling as a moderator. When this
was the case, a simple slopes effect analysis was run using Interaction! software (Soper,
2013) to look for a significant moderating effect. This was also the analysis method used
to determine prediction models for FGPA and STEM_FGPA individually on graduation.
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For these models, FGPA or STEM_FGPA were the independent variables instead of the
ACT scores. Assumptions were tested each time a new regression was run.
The tables and graphs generated by SPSS were interpreted and explained in
written format. New tables were generated for use in the dissertation that summarized the
necessary values from each of the statistical tests, and graphs were copied into the
dissertation when they added to the understanding of the analysis.
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CHAPTER IV – RESULTS
Restatement of Purpose
It was the purpose of this study to add to the current research regarding the
academic achievement and retention differences between homeschoolers and traditionally
schooled students when comparing unmatched and matched samples in STEM majors, to
add to the current research concerning the academic achievement and retention of STEM
majors, and to address the lack of knowledge regarding what predicts academic
achievement and retention within STEM degree studies based on high school type
(homeschooled versus traditionally schooled) for students attending a private, faith-based
liberal arts college.
Accessing the Data
After receiving notification from the University of Southern Mississippi that
Institutional Review Board (IRB) approval was not needed (see Appendix B), data was
requested from the post-secondary institution selected for this study. The data provided in
response to the request was a sample population of first-time undergraduate students at
the selected institution who had majored in a STEM degree by the end of their first week
of classes from the academic years of 2007–2008 through 2011–2012. Total student
enrollment for each of these years at the end of the first week of classes of the fall
semester was as follows: fall 2007 = 4,127; fall 2008 = 3,948; fall 2009 = 3,663; fall
2010 = 3,472; and fall 2011 = 3,613.
The request from the student database included the following queries:
1. Major,
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2. Gender,
3. Country,
4. High school type,
5. Whether or not the student worked on campus at any time during their time in
college,
6. Whether or not the student was retained in a STEM major at the beginning of
their sophomore year,
7. Whether or not the student graduated with a STEM major within six years,
8. ACT or SAT score,
9. GPA at the end of the student’s freshman year,
10. GPA of STEM courses at the end of the student’s freshman year,
11. Cumulative GPA at graduation, and
12. Cumulative GPA of all STEM courses at graduation.
Data was received in the form of an Excel spreadsheet.
Cleaning and Screening the Data
After receiving the data from the post-secondary institution, the first step in
cleaning and screening the data was to look for any missing data. The second step was to
ensure that the data was entered correctly (i.e., high school type was homeschool or
traditional, etc.). Any students who did not have complete admissions data were removed
from the study. This included students whose high school type was entered as “unknown”
or “GED” and those who did not have either an ACT or a SAT score. The reason for this
was that the number of students in the sample was large enough to absorb the removal of
students with incomplete data. The final sample population included 641 students that
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represented a combination of traditionally schooled and homeschooled students who
started as STEM majors in their freshman year for the academic years of 2007–2008
through 2010–2011.
The next step was to convert all SAT scores to ACT scores. This was done by
using the value provided on the College Board’s new SAT to ACT Concordance Table
(College Board, 2016). This was a two-step process because the College Board released a
new SAT in March 2016. The Concordance Tables were used to convert the students’ old
SAT scores to new SAT scores. These new SAT scores were then converted to ACT
scores. There was no Concordance Table provided to convert old SAT scores to ACT
scores. Each time new scores were entered, the values were double-checked for accuracy.
The overall average of ACT scores was 21.51 (SD = 4.17).
Descriptive Statistics
Demographic Descriptive Statistics
Excel functions were used to find general descriptive statistics of the dataset.
These general descriptive statistics were used to determine the numbers for each of the
following categories: country, freshman STEM major (by major type), gender, high
school type, and ethnicity. Other than the country category, the number and percentage of
students retained in STEM programs to the sophomore year and the number and
percentage of students who graduated within six years in STEM majors were also
determined. Five of the students had declared a double major at the beginning of their
freshman year. For purposes of statistical analysis, only the first STEM major listed was
counted for each major to keep the sample size at 641 for all categories. While it was
possible to determine the number of students who worked on campus, it was not possible
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to determine the total number of students who worked, because some students worked
off-campus. As such, this category was not included at this time. The number of students
by country is listed in Table 4. The number of students in each category, along with the
number retained to their sophomore year in STEM majors and the number who graduated
within six years in STEM majors, are listed in Table 5.
Table 4
Science, Technology, Engineering, and Mathematics Students by Country

Country
Albania
Antigua and Barbuda
Canada
China
Dominican Republic
Ecuador
El Salvador
France
Ghana
Haiti
Honduras
India
Indonesia
Jamaica
Japan
Malaysia

# of
students
1
6
5
1
2
2
1
1
1
5
1
1
20
1
3
1

Country
Mexico
Moldova
Nigeria
Papua New Guinea
Peru
Philippines
South Korea
Taiwan
Thailand
The Bahamas
Ukraine
United Kingdom
United States
Vietnam
Zambia

# of
students
2
1
2
1
6
6
12
2
1
6
1
1
546
1
1

Next, text entries for high school type, retention, and graduation had to be
changed to numerical entries for further use in SPSS. Since there were only two possible
conditions for these entries, a one was used if the condition was met and a zero was used
if the condition was not met. The following values were considered as met for each of the
variables: homeschool, retained, and graduated. The variables of country, gender, and
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ethnicity did not have to be changed because they were not used in the SPSS analyses. At
this point, the unmatched samples of traditionally schooled students and homeschooled
students were ready to be entered into SPSS.
Table 5
Summary of Number of Students in Each Category

Groups
Total
Major
Biology
Chemistry
Comp Sci/Sftwr Engnr
Computer Info System
Electrical Engnring
Mathematics
Mechanical Engnring
Pre-Medicine
Pre-Pharmacy
Pre-Physical Therapy
Gender
Male
Female
High School Type
Traditional
Homeschool
Ethnicity
White
Asian
Non-White

#
freshman
641

#
retained
349

%
retained
54.45

#
%
graduated graduated
230
35.88

75
24
97
63
41
11
115
117
32
66

45
12
51
23
28
6
74
65
14
31

60.00
50.00
52.58
36.51
68.29
54.55
64.35
55.56
43.75
46.97

30
7
27
14
17
4
52
48
10
21

40.00
29.17
27.84
22.22
41.46
36.36
45.22
41.03
31.25
31.82

457
184

249
100

54.49
54.35

156
74

34.14
40.22

430
211

226
123

52.56
58.29

147
83

34.19
39.34

444
83
114

243
54
52

54.73
65.06
45.61

162
36
32

36.49
43.37
28.07

Matching Samples
The final step for data preparation in Excel was to match samples of
homeschoolers to traditionally schooled students. The first step was to remove all
students from the sample who did not work on campus at any time during their studies. A
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total of 205 students were removed because they did not work on campus. Of the original
211 homeschool students, 154 worked on campus at some time during their studies. Of
the original 430 traditionally schooled students, 282 worked on campus at some time
during their studies. The 154 homeschool students were then matched with traditionally
schooled students who worked on campus based on gender and ethnicity (White, Asian,
other). See Table 6 for the number of students who were matched in each category.
Table 6
Number of Working Students by Gender, Race, and High School Type

Matching
characteristics
Male, White
Female, White
Male, Asian
Female, Asian
Male, other
Female, other

Number
homeschooled
103
25
2
1
14
9

Number
traditional before
matching
155
53
21
7
27
19

Number
traditional after
matching
103
25
2
1
14
9

Since there were more traditionally schooled students in each category, the first
traditionally schooled student who matched a homeschool student was used. Since
students were listed by randomly generated numbers, this matching was also completed
at random. All traditionally schooled students who were not a part of the matched sample
were removed from this dataset. To ensure that all values were correct for each student,
the values for random students in the final sample were matched with the original
untouched data. All values matched. The total number of entries (students) in the dataset
was 308; 154 were homeschooled students and 154 were traditionally schooled students.
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It was determined that the matched sample dataset was now ready for further analyses in
SPSS.
Table 7 contains a list of all the variables and the label for each entered into SPSS
for both the unmatched and matched samples. These variables were the same regardless
of which sample was being analyzed.
Table 7
Variable List with Labels

Variables as seen throughout dissertation
High school type as homeschool
ACT score
First year cumulative GPA (FGPA)
First year cumulative GPA of STEM courses (STEM_FGPA)
Retained in STEM to sophomore year (RET)
Cumulative GPA at graduation (GRADGPA)
Cumulative GPA at graduation of STEM courses (STEM_GRADGPA)
Graduated in STEM within six years (GRAD)

SPSS
label
hmschl
act
fgpa
fstgpa
ret
gdgpa
gdstgpa
grad

Cleaning and Screening the Unmatched Samples
Unmatched Samples—Descriptive Statistics
Descriptive statistics were run on all interval variables generating the following
values: mean, standard deviation, minimum, maximum, kurtosis, and skewness. The
choice was made to “save standardized values as variables” in case there were problems
with skewness and/or kurtosis.
Unmatched Samples—Univariate Normality
The pseudo-z scores for skewness and kurtosis were determined by dividing the
test statistic by the standard error. The pseudo-z values for the unmatched sample are
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listed in Table 8. Histograms were also generated for each of the variables. The
histograms for each of the variables are presented in Figure 1.
Table 8
Pseudo-z Skewness and Kurtosis Scores for Unmatched Samples
Skewness

act
fgpa
fstgpa
gdgpa
stgdgpa
Valid N
(listwise)

N
641
641
639
230
230
230

Statistic
0.021
-0.506
-0.267
-0.171
-0.017

SE
0.097
0.097
0.097
0.16
0.16

Kurtosis
pseudoz
0.216
-5.216
-2.753
-1.069
-0.106

Statistic
-0.435
-0.702
-1.112
-0.455
-0.529

SE
0.193
0.193
0.193
0.32
0.32

pseudoz
-2.254
-3.637
-5.762
-1.422
-1.653

Note. N = number of students; SE = standard error.

Based on the SPSS tables generated at the same time the histograms were created,
the researcher discovered that there were two students who did not take any STEM
courses during their freshman year. Both of these students had an fgpa value but did not
have an fstgpa value. One of these students was a homeschooled student, and the other
was traditionally schooled student.
Both the pseudo-z skewness and kurtosis values and the histogram for fgpa
indicated a violation of univariate normality. While these values are outside of the
accepted range of -3 to +3 for skewness and kurtosis, analysis of the z-scores for fgpa
indicated that there were no unusually high or low values. The most significant issue was
the large number of students who earned a 0.00 GPA during their freshman year. Because
of this, the initial dataset was reevaluated, and the researcher discovered that a number of
students who had withdrawn during their first semester and received no grades for classes
had been incorrectly assigned grades of “failing,” which resulted in the 0.00 GPAs in the
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1a. Histogram for act unmatched

1b. Histogram for fgpa unmatched

1c. Histogram for fstgpa unmatched

1d. Histogram for gdgpa unmatched

1e. Histogram for stgdgpa unmatched

Figure 1. Histograms for the Unmatched Samples Variables.
Note. The variable analyzed is on the x-axis, and the frequency is on the y-axis.

dataset. Because these students would fall into the category of not being retained (i.e.,
withdrawing from college) the decision was made to keep them in the original sample
used to generate Tables 4 through 6. It was decided, however, that these students should
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be removed from both the unmatched and matched samples because the values included
for fgpa and fstgpa were incorrect, which means statistical results including these values
would also be incorrect. The two previously mentioned students who did not take any
STEM classes during their freshman year were also removed from the study at this time.
Once the students who withdrew from college during their first semester were
removed from the overall sample along with the two students who did not take any
STEM courses, the new sample size used to analyze the research questions was 604. This
total sample size represented the unmatched sample and included 201 homeschooled
students and 405 traditionally schooled students. The total number of students who
worked on campus at some point during their time at college was 419. The total number
of homeschoolers who worked on campus was 149, and the total number of traditional
students who worked on campus was 270. New matched samples were created using the
same process as was previously used, and the final groups had 149 students each. Table 9
provides the updated numbers for the groupings of students used to create the matched
samples.
Table 9
Updated Number of Working Students by Gender, Race, and High School Type
Matching
characteristics
Male, White
Female, White
Male, Asian
Female, Asian
Male, other
Female, other

Number
homeschooled
100
25
1
1
13
9

Number
traditional
before matching
149
52
21
7
22
19
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Number
traditional after
matching
100
25
1
1
13
9

Updated Unmatched Samples—Descriptive Statistics
Descriptive statistics were run again on all interval variables, generating the
following values: mean, standard deviation, minimum, maximum, kurtosis, and
skewness. The choice was made to “save standardized values as variables” in case there
were problems with skewness and/or kurtosis.
Updated Unmatched Samples—Univariate Normality
The updated pseudo-z scores for skewness and kurtosis were determined by
dividing the test statistic by the standard error. The pseudo-z values for the unmatched
samples are listed in Table 10. Histograms were also generated for each of the variables.
The histograms for each of the variables are presented in Figure 2.
Table 10
Updated Pseudo-z Skewness and Kurtosis Scores for Unmatched Samples
Skewness
Variable
act
fgpa
fstgpa
gdgpa
gdstgpa
Valid N
(listwise)

N
606
606
606
230
230
230

Statistic
-0.004
-0.460
-0.316
-0.171
-0.017

SE
0.099
0.099
0.099
0.160
0.160

Kurtosis
pseudoz
-0.040
-4.646
-3.192
-1.069
-0.106

Statistic
-0.420
-0.657
-0.982
-0.455
-0.529

SE
0.198
0.198
0.198
0.320
0.320

pseudoz
-2.121
-3.318
-4.960
-1.422
-1.653

Note. N = number of students; SE = standard error.

After the corrected values were run, it was noted that fgpa and fstgpa still had
values for skewness and kurtosis that lay outside the acceptable range, and that fstgpa
still had a large number of 0.00 values. The pseudo-z scores for skewness and kurtosis
had decreased, however, and none of the statistic values were greater than one, which is
considered acceptable (Field, 2013).
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2a. Corrected histogram for act unmatched

2b. Corrected histogram for fgpa unmatched

2c. Corrected histogram for fstgpa
unmatched

2d. Corrected histogram for gdgpa unmatched

2e. Corrected histogram for gdstgpa
unmatched

Figure 2. Histograms for the Updated Unmatched Samples Variables
Note. The variable analyzed is on the x-axis, and the frequency is on the y-axis.

All other variables (act, gdgpa, and gdstgpa) had skewness and kurtosis values
that fell within the accepted range. The histograms generated for each of these variables
supported this finding, although it was noted that gdgpa and gdstgpa did peak around the
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3.75 GPA range. Because the assumption of univariate normality was met for these
variables, it was assumed that multivariate normality was also met. At this point, the data
for the unmatched sample was considered “screened and cleaned.”
Cleaning and Screening the Matched Samples
Matched Samples—Descriptive Statistics
Descriptive statistics were run on all interval variables, generating the following
values: mean, standard deviation, minimum, maximum, kurtosis, and skewness. The
choice was made to “save standardized values as variables” in case there were problems
with skewness and/or kurtosis.
Matched Samples—Univariate Normality
The pseudo-z scores for skewness and kurtosis were determined by dividing the
test statistic by the standard error. The pseudo-z values for the matched sample are listed
in Table 11. Histograms were also generated for each of the variables. The histograms for
each of the variables are presented in Figure 3.
Table 11
Pseudo-z Skewness and Kurtosis Scores for the Matched Samples
Kurtosis

Skewness
Variable
act
fgpa
fstgpa
gdgpa
gdstgpa
Valid N
(listwise)

N
298
298
298
121
121
121

Statistic
0.109
-0.502
-0.293
-0.074
0.078

SE
0.141
0.141
0.141
0.220
0.220

pseudoz
-0.201
0.947
0.305
0.159
-0.182

Note. N = number of students; SE = standard error.
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Statistic
-0.542
-0.530
-0.960
-0.466
-0.428

SE
0.281
0.281
0.281
0.437
0.437

pseudoz
-1.929
-1.886
-3.416
-1.066
-0.979

3a. Histogram for act matched

3b. Histogram for fgpa matched

3c. Histogram for fstgpa matched

3d. Histogram for gdgpa matched

3e. Histogram for gdstgpa matched

Figure 3. Histograms for the Matched Samples Variables
Note. The variable analyzed is on the x-axis, and the frequency is on the y-axis.

The kurtosis pseudo-z score for stfgpa was just outside the accepted range. The
histogram for this variable indicated a peak in values around 3.00 GPA and that fstgpa
also had a high number of students with a 0.00 GPA. Observation of the standardized
scores for both of these variables indicated that there were no unusually high or low
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values. Since the kurtosis statistic was less than one, which is considered acceptable
(Fields, 2013), and the pseudo-z value was less than four, the decision was made to
continue with the analyses.
All other variables (act, gdgpa, and gdstgpa) had skewness and kurtosis values
that fell within the accepted range. The histograms generated for each of these variables
supported this finding, although it was noted that gdgpa and gdstgpa values did peak
around the 3.75 GPA range. Because the assumption of univariate normality was met for
these variables, it was assumed that multivariate normality was also met. At this point,
the data for the unmatched sample was considered “screened and cleaned.”
Means and Intercorrelations
The means and correlations for both the unmatched and matched samples were
found using SPSS. All variables were included for the test of Pearson’s correlation
coefficients at a two-tailed test of significance. SPSS flagged significant correlations.
Results for the unmatched sample are provided in Table 12, and results for the matched
sample are provided in Table 13.
Correlations could not be determined for grad x gdgpa or grad x gdstgpa, because
the only value for grad that would allow for a value for gdgpa or gdstgpa was the grad
value of one. While several of the variables are significantly correlated (p < .05), this was
not unexpected due to the sample size. Correlation values of .74 and higher, however,
indicated a shared variance value higher than 50% (Meyers et al., 2013). Centering the
values of the interval variables (act, fgpa, fstgpa, gdgpa, and gdstgpa) would help to
reduce multicollinearity for the regressions. At this point, the correlations were noted,
and it was understood that multicollinearity might be an issue for the regression;
120

mutlticollinearity was therefore checked more carefully when regression analyses were
run.
Table 12
Means and Intercorrelations for Unmatched Samples

1.
2.
3.
4.
5.
6.
7.
8.

Variable
M
SD
hmscl
.33
.47
ret
.57
.5
grad
.38
.49
act
21.69 4.15
fgpa
2.38
.99
fstgpa
2.19 1.16
gdgpa
3.00
.51
gdstgpa
2.88
.58

1.
.05
.05
.13**
.04
.04
.06
.04

2.

.65**
.20**
.42**
.46**
.11
.06

3.

4.

.24**
.56**
.56**
b
b

.45**
.45**
.41**
.39**

5.

6.

.93**
.80** .67**
.76** .72**

7.

8.

.96**

Note. N = 606; M = mean; SD = standard deviation; Hmscl is coded as homeschooled = 1, traditional school = 0; ret is coded as
retained = 1, not retained = 0; grad is coded as graduated = 1; not graduated = 0.
*p < .05; **p < .01
b Cannot be computed because at least one of the variables is constant.

Table 13
Means and Intercorrelations for Matched Samples

1.
2.
3.
4.
5.
6.
7.
8.

Variable
M
SD
hmscl
.5
.5
ret
.58
.5
grad
.41
.49
act
22.44 4.09
fgpa
2.34
.99
fstgpa
2.18 1.15
gdgpa
3.00
.49
gdstgpa
2.87
.57

1.

2.

3.

4.

5.

6.

7.

.11
.09
.07
.11
.09
.05
.04

.67**
.28**
.51**
.53**
.16
.09

.27**
.62**
.61**
b
b

.46**
.46**
.42**
.42**

.93**
.81**
.76**

.69**
.74**

.95**

Note. N = 298; M = mean; SD = standard deviation; Hmscl is coded as homeschooled = 1, traditional school = 0; ret is coded as
retained = 1, not retained = 0; grad is coded as graduated = 1; not graduated = 0.
*p < .05; **p < .01
b Cannot be computed because at least one of the variables is constant.
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8.

Independent Samples T-Test
The means for each of the variables for homeschoolers compared to traditionally
schooled students were tested for significant differences using an independent samples ttest in SPSS. This analysis was run for both the unmatched samples and the matched
samples. The grouping variable was hmscl, where the value of one represented students
who were homeschooled and the value of zero represented students who were
traditionally schooled. Each of the variables (ret, grad, act, fgpa, fstgpa, gdgpa, and
gdstgpa) were included as the test variables. The confidence interval percentage was set
at 95%.
For the unmatched sample, Levene’s test was violated for ret, grad, and fstgpa, so the
adjusted t value was used. For the matched sample, Levene’s test was violated for ret,
grad, fgpa, and fstgpa.
Since the hypotheses for Research Question 1 regarding the means were
specifically based on the research findings of others (i.e., they were directional
hypotheses), the significance of the t values was determined by taking the two-tailed
significance value and dividing it by two. This is the procedure recommended by Fields
(2013) to obtain the value of a one-tailed significance test. Cohen’s d was calculated for
each of the means in order to determine the effect size. This value was calculated by
subtracting the mean of the homeschooled group from the mean of the traditionally
schooled group and dividing by the standard deviation of the traditionally schooled group
(Field, 2013). Results for the group statistics (mean, standard deviation, and standard
error) for unmatched samples are found in Table 14, and the independent samples t-test
results for the unmatched samples are found in Table 15. Results for the group statistics
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(mean, standard deviation, and standard error) for the matched samples are found in
Table 16, and the independent samples t-test results for the unmatched samples are found
in Table 17.
The results from the independent samples t-test for the unmatched samples
showed that there were significant mean differences between homeschoolers and
traditionally schooled students for act (p < .05). It could therefore be stated that
homeschoolers were more likely to have a higher ACT score than traditionally schooled
students. There was a small effect size for act (d = .29).
Table 14
Group Statistics for Unmatched Samples
Variable
HS type
ret
hmscl
trad
grad
hmscl
trad
act
hmscl
trad
fgpa
hmscl
trad
fstgpa
hmscl
trad
gdgpa
hmscl
trad
gdstgpa hmscl
trad

N
201
405
201
405
201
405
201
405
201
405
83
147
83
147

M
.610
.560
.410
.360
22.480
21.310
2.430
2.349
2.252
2.158
3.045
2.981
2.912
2.859

SD
.490
.497
.494
.481
4.176
4.086
.928
1.017
1.098
1.192
.523
.505
.587
.583

SE
.035
.025
.035
.024
.295
.203
.065
.051
.077
.059
.057
.042
.064
.048

Note. N = number of students; M = mean; SD = standard deviation; SE = standard error; Hmscl is coded as homeschooled = 1,
traditional school = 0; ret is coded as retained = 1, not retained = 0; grad is coded as graduated = 1; not graduated = 0.
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Table 15
Independent Samples T-Test Results for Unmatched Samples
95% CI
Variable
ret
grad
act
fgpa
fstgpa
gdgpa
gdstgpa

t
1.152
1.183
3.299
.945
.964
.918
.659

df
404.639
390.376
604
604
429.481
228
228

p
.125
.119
.001
.173
.168
.180
.256

M
diff
.049
.050
1.171
.081
.094
.064
.053

SE
diff
.042
.042
.355
.085
.098
.070
.080

LL
-.035
-.033
.474
-.087
-.098
-.074
-.105

UL
.132
.133
1.869
.248
.286
.203
.211

Cohen's
d
.101
.104
.286
.079
.079
.128
.091

Note. N = 298; df = degrees of freedom; p = significance (1-tailed); M Diff = mean difference; SE Diff = standard error difference; CI
= confidence interval; LL = lower limit; UL = upper limit; Hmscl is coded as homeschooled = 1, traditional school = 0; ret is coded as
retained = 1, not retained = 0; grad is coded as graduated = 1; not graduated = 0.

Table 16
Group Statistics for Matched Samples
Variable
HS type
ret
hmscl
trad
grad
hmscl
trad
act
hmscl
trad
fgpa
hmscl
trad
fstgpa
hmscl
trad
gdgpa
hmscl
trad
gdstgpa hmscl
trad

N
149
149
149
149
149
149
149
149
149
149
67
54
67
54

M
.630
.520
.450
.360
22.700
22.170
2.450
2.240
2.284
2.086
3.028
2.974
2.894
2.847

SD
.484
.501
.499
.482
4.021
4.158
.882
1.073
1.082
1.201
.509
.471
.572
.562

SE
.040
.041
.041
.040
.329
.341
.072
.088
.089
.098
.062
.064
.070
.076

Note. N = number of students; M = mean; SD = standard deviation; SE = standard error; Hmscl is coded as homeschooled = 1,
traditional school = 0; ret is coded as retained = 1, not retained = 0; grad is coded as graduated = 1; not graduated = 0.
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Table 17
Independent Samples T-Test Results for Matched Samples
95% CI
Variable
ret
grad
act
fgpa
fstgpa
gdgpa
gdstgpa

t
1.881
1.534
1.133
1.851
1.493
.598
.455

df
295.651
295.653
296
285.360
292.824
119
119

p
.031
.063
.129
.033
.069
.276
.325

M
diff
.107
.087
.537
.211
.198
.054
.047

SE
diff
.057
.057
.474
.114
.132
.090
.104

LL
-.005
-.025
-.396
-.013
-.063
-.125
-.158

UL
.220
.199
1.469
.434
.458
.232
.253

Cohen’s
d
.220
.187
.127
.196
.165
.114
.084

Note. N = 298; df = degrees of freedom; p = significance (1-tailed); M Diff =mean difference; SE Diff = standard error difference; CI
= confidence interval; LL = lower limit; UL = upper limit; Hmscl is coded as homeschooled = 1, traditional school = 0; ret is coded as
retained = 1, not retained = 0; grad is coded as graduated = 1; not graduated = 0.

The results from the independent samples t-test for the matched samples indicated
that there were significant mean differences between homeschoolers and traditionally
schooled students for ret (p = .03), and fgpa (p = .03). It could therefore be stated that
homeschoolers were more likely to be retained and were more likely to have a higher
FGPA. There was a small effect size for ret (d = .22), grad (d = .19), and fgpa (d = .20).
Regression Analyses
Research Questions 2 through 7 required the use of regression analyses. A
hierarchical multiple regression was used for those regression analyses that involved an
outcome variable that was an interval variable. A hierarchical bivariate logistic regression
was used for those regression analyses that involved an outcome variable that was a
categorical (dichotomous) variable. Table 18 lists the independent variables for each
research question and which type of regression (hierarchical multiple regression or
hierarchical bivariate logistic regression) was used. The order in which variables were
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regressed made it possible to see the individual influence of ACT, freshman GPA, or
freshman STEM GPA, followed by the influence of homeschooling and the potential
interaction effect.
Table 18
Dependent Variables and Type of Hierarchical Regression Used for Research Questions
2 through 7
Dependent Variables
Research
question
2
3
4
5
6
7

Variable
FGPA
STEM_FGPA
RET
GRADGPA
STEM_GRADGPA
GRAD
GRADGPA
STEM_GRADGPA
GRAD

Label in SPSS
fgpa
fstgpa
ret
gdgpa
gdstgpa
grad
gdgpa
gdstgpa
grad

Type of hierarchical
regression used
Multiple
Multiple
Logistic
Multiple
Multiple
Logistic
Multiple
Multiple
Logistic

The matched samples of homeschoolers and traditionally schooled students were
created for the purpose of regression analysis. As such, only the matched samples were
used for all regression analyses. It should also be noted that since all hypotheses were
directional, one-tailed significance values were used to determine statistical significance.
Centering Interval Variables
To prepare the data for a hierarchical multiple regression, all interval variables
(act, fgpa, fstgpa, gdgpa, and gdstgpa) were centered. To center variables, SPSS was
used to create new variables that represented the mean (act_mean, fgpa_mean,
fstgpa_mean, gdgpa_mean, and gdstspa_mean). The mean was then subtracted from the
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original to create a new, centered variable. For example, act_cent = act – act_mean. Once
the interval variables were centered, hierarchical regressions were run for each
independent variable in each research question.
Diagnostics
Diagnostics were performed for each regression analysis to look for the
possibility of an extreme case or cases that had a large influence on the prediction model.
These diagnostic measures were described for the first regression run of each type
(hierarchical multiple regression vs. hierarchical bivariate logistic regression) and were
assumed to have been met for each regression analysis that followed. Any exceptions
were mentioned with the specific regression for which it occurred.
Analysis for Research Question 2
Hierarchical Multiple Regressions—FGPA and FSTGPA
FGPA. A three-stage hierarchical multiple regression analysis was used to predict
freshman GPA scores (fgpa). In the first block, act_cent was entered as the predictor
variable, act_cent and hmscl were entered as the predictor variables in the second block,
and act_cent, hmscl, and the interaction variable (act_centXhmscl) were entered into the
third block.
The model was checked for assumptions. The histogram generated (standardized
predicted values on Y-axis and standardized residuals on X-axis) indicated that there
were some potential issues with skewness and kurtosis. These issues were analyzed
further analyzed by obtaining the skewness and kurtosis values of the unstandardized
residuals and finding the pseudo-z score. The pseudo-z score was found by dividing the
statistic by the SE. The pseudo-z value for skewness was -2.92, which indicated that there
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was not a problem with skewness. The pseudo-z value for kurtosis was -.35, which
indicated that there was not a problem with kurtosis. The homoscedasticity scatterplot
and partial regression scatterplots were also examined for potential issues, but no
problems were indicated. The next step was to check for issues with multicollinearity.
Since all tolerance values were above .2, multicollinearity was not an issue.
The results of the hierarchical regression analyses are listed in Table 19. Model 1
was significant since F(1, 295) = 80.285 and p < .001. The R2 value of .213 for this
model indicated that this model explained 21.3% of the variability of freshman GPAs.
Table 19
Freshman GPA (fgpa) Model Summary Table

2

2

Change statistics
R change
F change
.213
80.285
2

Model
1

R
.213

Adjusted R
.214

Sig.
.000

2

.219

.221

.006

2.227

.069

3

.229

.221

.010

3.734

.027

Note. Model 1 Predictors: (Constant), act_cent; Model 2 Predictors: (Constant), act_cent; hmscl; Model 3
Predictors: (Constant), act_cent; hmscl, act_centXhmscl.

Model 2 was approaching significance, where ΔF(1, 295) = 2.227, p = .069, R2 = .219,
and ΔR2 = .006. This new model only accounted for an additional .6% explanation of the
variability of freshman GPAs. Model 3 was significant, where ΔF(1, 294) = 3.734, p <
.001, R2 = .229, and ΔR2 = .010. This new model only accounted for an additional 1% of
the variability of freshman GPAs over Model 2 and 1.6% over Model 1. While 1.6%
from Model 1 to Model 3 was a small contribution to the explanatory power of the
equation, since ΔF was significant, the researcher decided that Model 3 was the better
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model and decided to explore the interaction effect further. Table 20 contains the linear
model of predictors of fgpa.
Table 20
Linear Model of Predictors of Freshman GPA

constant
act_cent
hmscl
act_centXhmscl

b
2.275
.133
.152
-.048

SE
.071
.017
.101
.025

t
31.854
7.743
1.504
-1.932

Sig.
.000
.000
.067
.027

Note. Dependent variable was fgpa; R2 = .229.

SPSS was used to graph the interaction effect of hmscl on the relationship of
act_cent scores to fgpa. The graph is provided in Figure 4. The software Interaction!
(Soper, 2013) was used to test for the significance of simple slope effects. The simple
slope value for students who were homeschooled was .085 (SE = .018, p < .001). The

Figure 4. Graph of simple slopes effect for moderation effect of hmscl on act_cent as
predictors of fgpa.
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simple slope value for students who were traditionally schooled was .133 (SE = .017, p <
.001). It was also noted that the lines do intersect. These values indicated that for students
with lower
STEM_FGPA. A three-stage hierarchical multiple regression analysis was used to
predict freshman STEM GPA scores (fstgpa). In the first block, act_cent was entered as
the predictor variable, act_cent and hmscl were entered as the predictor variables in the
second block, and act_cent, hmscl, and the interaction variable (act_centXhmscl) were
entered into the third block. Analysis indicated that all assumptions were met.
The results of the hierarchical regression analyses are listed in Table 21. Model 1
was significant since F(1, 295) = 39.609 and p < .001. The R2 value of .212 for this
model indicated that this model explained 21.2% of the variability of STEM_FGPA.
Table 21
Freshman STEM_GPA (fstgpa) Model Summary Table

Model
1
2
3

2

R
.208
.212
.216

2

Adjusted R
.206
.206
.208

Change statistics
R change
F change
.208
77.696
.003
1.198
.005
1.754
2

Sig.
.000
.138
.093

Note. Model 1 Predictors: (Constant), act_cent; Model 2 Predictors: (Constant), act_cent; hmscl; Model 3
Predictors: (Constant), act_cent; hmscl, act_centXhmscl.

Model 2 was not significant, since ΔF(1, 295) = 1.198, p = .138, R2 = .212, and ΔR2 =
.003. This new model only accounted for an additional .3% explanation of the variability
of freshman STEM GPAs. Model 3 was approaching significance, since ΔF(1, 294) =
1.754, p = .093, R2 = .216, and ΔR2 = .005. This new model only accounted for an
additional .5% explanation of the variability of freshman STEM GPA over Model 2 and
.8% over Model 1. While an overall .8% increase from Model 1 to Model 3 was an
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extremely small contribution, because the ΔF was approaching significance in Model 3,
the researcher decided to explore an interaction effect.
SPSS was used to graph the interaction effect of hmscl on the relationship of
act_cent scores and fstgpa. This graph is provided in Figure 5. The software Interaction!
(Soper, 2013) was used to test for the significance of simple slope effects. The simple
slope value for students who were homeschooled was .107 (SE = .020, p < .001). The
simple slope value for students who were traditionally schooled was .145 (SE = .020, p <
.001). It was also noted that the lines do intersect. Because analysis of simple slopes
effect demonstrated an interaction, Model 3 was selected as the better model. Table 22
contains the linear model predictors on fstgpa. Similar to the findings for freshman GPA,

Figure 5. Graph of simple slopes effect for moderation effect of hmscl on act_cent as
predictors of fstgpa.
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these values indicated that for students with lower ACT scores, STEM_FGPA was higher
for homeschoolers, but for students with higher ACT scores, STEM_FGPA was lower for
homeschoolers.
Table 22
Linear Model of Predictors on Freshman STEM_GPA

constant
act_cent
hmscl
act_centXhmscl

b
2.125
.145
.130
-.038

SE
.084
.020
.118
.029

t
25.397
7.213
1.099
-1.324

Sig.
.000
.000
.137
.093

Note. Dependent variable was fstgpa; R2 = .216.

Analysis for Research Question 3
Hierarchical Bivariate Logistic Regression—RET
Diagnostics. Cook’s distance, leverage values, and Studentized residuals were
selected to be saved when the regression was run. Once the regression was run, these
values were assessed in order to find any values that were unexpectedly high or low.
There were no issues with the Leverage values or the Studentized values. The top two
Cook’s values (.14700) were identical were .041 higher than the next highest value
(.10600). This third value (.10600) was .022 higher than the next highest value (.08381).
These jumps were noteworthy because all other differences were in the thousandths range
instead of the hundredths. The data for these two cases were checked. While each case
had an ACT score of 30 or greater and was not retained, nothing else that seemed to set
these two values apart. As such, all assumptions were considered as having been met.
Interpreting the Model. A three-stage hierarchical bivariate logistic regression
analysis was used to predict freshman retention (ret). In the first block, act_cent was
132

entered as the predictor variable, in the second block, act_cent and hmscl were entered as
the predictor variables, and in the third block, act_cent, hmscl, and the interaction
variable (act_centXhmscl) were entered.
The first output analyzed was the Omnibus Tests of Model Coefficients. The
values from these tables are provided in Table 23. Model 1 yielded a chi-square Model
statistic of 25.015 that was significant (p < .001) and indicated that the model improved
significantly when act_cent was added as a predictor. This model also yielded a
prediction percentage correct of 65.4%. Model 2 yielded a chi-square Model statistic of
26.668 that was significant (p < .001). Model 2 yielded a chi-square Block statistic of
2.653 that was approaching significance (p = .052) and indicated that adding hmscl to the
model had some effect on the fit; however, the model yielded a prediction percentage
correct of 61.7%, which was less than the percentage correct of 65.4% for Model 1.
Table 23
Omnibus Tests of Model Coefficients and Model Prediction Percentage Correct

Model
Model 1

Omnibus Tests of Model Coefficients
Chi-square
df
Sig.
Step
Block
Model

25.015
25.015
25.015

1
1
1

% correct
65.4

0.000
0.000
0.000

Model 2

61.7
Step
Block
Model

2.653
2.653
27.668

1
1
2

0.052
0.052
0.000

Model 3

62.1
Step
Block
Model

0.763
0.763
28.431

1
1
3

0.191
0.191
0.000

Note. Df = degrees of freedom
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Model 3 yielded a chi-square Block statistic of 0.763 that was not significant (p = .191)
and indicated that adding act_centXhmscl had little effect on the fit. The model yielded a
prediction percentage correct of 62.1% that improved over Model 2 but was still less than
Model 1. Based on these comparisons, Model 1 was the best model, and homeschooling
did not have a moderating effect on the ability of ACT scores to predict freshman
retention.
The value for the odds ratio was 1.164 (95% CI 1.093–1.239), which indicated
that as the predictor act_cent increased, the odds of retention also increased. Model 1
indicated that the odds of being retained as a STEM major were 1.164 times greater for a
student with an ACT score of 25 than a student with an ACT score of 24. Table 24
contains the coefficients used for the model that predicted whether or not a student was
retained.
Table 24
Coefficients of the Model Predicting Retention

Constant
act_cent

b
.341
.152

SE
.123
.032

Sig.
.000

95% CI for odds ratio
LL
Odds
UL
1.093

1.164

1.239

Note. Dependent variable = ret; SE = standard error; CI = confidence interval; LL = lower limit; Odds =
odds ratio; UL = upper limit. Model χ2(1) = 25.015, p < .001.

Analysis for Research Question 4
Hierarchical Multiple Regressions—GRADGPA and STEM_GRADGPA
GRADGPA. A three-stage hierarchical multiple regression analysis was used to
predict cumulative graduation GPA scores (gdgpa). In the first block, act_cent was
entered as the predictor variable, act_cent and hmscl were entered as the predictor
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variables in the second block, and act_cent, hmscl, and the interaction variable
(act_centXhmscl) were entered into the third block. Analysis indicated that all
assumptions were met.
The results of the hierarchical regression analyses are listed in Table 25. Model 1 was
significant, since F(1, 119) = 12.608 and p < .001. The R2 value of .176 for this model
indicated that this model explained 17.6% of the variability of cumulative graduation
GPAs. Model 2 was not significant, since ΔF(1, 118) = .271, p = .302 , R2 = .176, and
ΔR2 = .002. This new model only accounted for an additional .2% of the variability of
cumulative GPAs. Model 3 was not significant, since ΔF(1, 117) = .236, p = .314, R2 =
.178, and ΔR2 = .002. This new model only accounted for an additional .2% of the
variability of cumulative GPAs over Model 2 and .4% over Model 1. These values
indicated that Model 1 is the better model, and that homeschooling had no moderating
effect on the relationship between ACT scores and cumulative graduation GPA scores.
Table 26 contains the linear model of predictors of fgpa.
Table 25
Cumulative Graduation GPA (gdgpa) Model Summary Table
Change statistics
Model
1
2
2

R2
.174
.176
.178

Adjusted R2
.162
.162
.157

R2 change
.176
.002
.002

F change
25.100
.271
.236

Sig.
.000
.302
.314

Note. Model 1 Predictors: (Constant), act_cent; Model 2 Predictors: (Constant), act_cent; hmscl; Model 3 Predictors: (Constant),
act_cent; hmscl, act_centXhmscl.
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Table 26
Linear Model of Predictors of Cumulative Graduation GPA

constant
act_cent

b
2.912
.051

SE
.062
.010

t
46.619
4.979

Sig.
.000
.000

Note. Dependent variable was gdgpa; R2 = .174.

STEM_GRADGPA. A three-stage hierarchical multiple regression analysis was
used to predict freshman cumulative graduation GPA scores of all STEM courses
(gdstgpa). In the first block, act_cent was entered as the predictor variable, act_cent and
hmscl were entered as the predictor variables in the second block, and act_cent, hmscl,
and the interaction variable (act_centXhmscl) were entered into the third block. Analysis
indicated that all assumptions were met.
The results of the hierarchical regression analyses are listed in Table 27. Model 1
was significant, since F(1, 119) = 25.723 and p < .001. The R2 value of .178 indicated
that this model explained 17.8% of the variability of the cumulative GPA of STEM
courses. Model 2 was not significant, since ΔF(1, 118) = .132, p = .359, R2 = .179, and
ΔR2 = .001. This
Table 27
Cumulative STEM GPA (gdstgpa) Model Summary Table

Model
1
2
3

2

R
.178
.179
.179

2

Adjusted R
.171
.165
.158

Change statistics
R change
F change
.178
25.723
.001
.132
.001
.085
2

Sig.
.000
.359
.386

Note. Model 1 Predictors: (Constant), act_cent; Model 2 Predictors: (Constant), act_cent; hmscl; Model 3 Predictors: (Constant),
act_cent; hmscl, act_centXhmscl.
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new model only accounted for an additional .1% of the variability of cumulative GPAs of
STEM courses. Model 3 was not significant, since ΔF(1, 117) = .085, p = .386, R2 = .179,
and ΔR2 = .001. This new model only accounted for an additional .1% explanation of the
variability of cumulative GPAs of STEM courses over Model 2 and .2% over Model 1.
These values indicated that Model 1 was the better model, and that homeschooling had
no moderating effect on the relationship between ACT scores and cumulative graduation
GPA scores of STEM courses. Table 28 contains the linear model of predictors of fgpa.
Table 28
Liner Model of Predictors of Cumulative GPA of STEM Courses

constant
act_cent

b
2.794
.059

SE
.049
.012

t
56.648
5.072

Sig.
.000
.000

Note. Dependent variable was gdstgpa; R2 = .178.

Analysis for Research Question 5
Hierarchical Bivariate Logistic Regression—GRAD
Diagnostics. Diagnostic evaluation indicated that assumptions had been met.
Interpreting the Model. A three-stage hierarchical bivariate logistic regression
analysis was used to predict graduation with a STEM major within six years (grad). In
the first block, act_cent was entered as the predictor variable, in the second block,
act_cent and hmscl were entered as the predictor variables, and in the third block,
act_cent, hmscl, and the interaction variable act_centXhmscl were entered.
The first output analyzed was the Omnibus Tests of Model Coefficients. The values from
the tables are found in Table 29. Model 1 yielded a chi-square Model statistic of 22.275
which was significant (p < .001) and indicated that the model improved significantly by
adding act_cent as a predictor. This model also yielded a prediction percentage correct of
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62.8%. Model 2 yielded a chi-square Model statistic of 23.964 that was significant (p <
.001) and a chi-square Block statistic of 1.689 that was approaching significance (p =
.097), and indicated that adding hmscl to the model had little effect on the fit. The model
yielded a prediction percentage correct of 63.8%, however, which slightly increased the
correct predictive percentage of the model. Model 3 yielded a chi-square Block statistic
of 0.763 that was not significant (p = .470) and indicated that adding act_centXhmscl has
little effect on the fit. The model yielded a prediction percentage correct that was exactly
the same as Model 2 at 63.8%. Based on these comparisons, Model 2 was the best model,
and homeschooling did not have a moderating effect on the ability of ACT scores to
predict graduation in six years with a STEM degree.
Table 29
Omnibus Tests of Model Coefficients and Model Prediction Percent Correct

Model
Model
1

Omnibus Tests of Model Coefficients
Chisquare
df
Sig.

% correct
62.8

Step
Block
Model

22.275
22.275
22.275

1
1
1

.000
.000
.000

Model
2

63.8
Step
Block
Model

1.689
1.689
23.964

1
1
2

.097
.097
.000

Model
3

63.8
Step
Block
Model

.006
.006
23.969

1
1
3

.470
.470
.000

Note. Dependent variable = grad; Df = degrees of freedom.
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The value for the act_cent odds ratio was 1.152 (95% CI 1.082–1.225), which
indicated that as the predictor act_cent also increases the odds of retention increase.
Model 2 indicated that the odds of graduating in six years with a STEM major were 1.152
times greater for student with an ACT score of 25 than for a student with an ACT score
of 24. Model 2 also indicated that the value for the hmscl odds ratio was 0.727 (95% CI
.449–1.177). This meant that the odds of graduating in six years with a STEM major .727
times lower for someone who was homeschooled than for someone who was traditionally
schooled. Table 30 contains the coefficients used to for the model that predicted whether
or not a student was retained.
Table 30
Coefficients of the Model Predicting Graduation

Constant
act_cent
hmscl

b
-.253
.141
-.319

SE
.171
.032
.246

Sig.
.140
.000
.194

95% CI for odds ratio
LL
Odds
UL
1.082
.449

1.152
.727

1.225
1.177

Note. Dependent variable = grad; SE = standard error; CI = confidence interval; LL = lower limit;
Odds = odds ratio; UL = upper limit. Model χ2(1) = 23.964, p < .001.

Analysis for Research Question 6
New Variables
Research Questions 6 and 7 examined the potential moderating effect of
homeschooling on fgpa and fstgpa to predict gdgpa, gdstgpa, and grad. This required the
development of two new interaction terms. The first interaction term, fgpa_centXhmscl,
was computed by multiplying fgpa_cent by hmscl. The second interaction term, fstgpacentXhmscl, was computed by multiplying fstgpa_cent by hmscl.
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GRADGPA
Hierarchical multiple regression analysis was used to analyze the predictive
abilities of freshman GPA scores, freshman GPAs of STEM courses, and homeschooling
on cumulative graduation GPAs, and to consider the possibility of homeschooling as a
moderator of the relationship of freshman GPA or freshman STEM GPA to cumulative
graduation GPA. Because all freshman STEM courses are a part of the total freshman
GPA, two separate hierarchical multiple regression were run to examine these
relationships.
FGPA on GRADGPA. A three-stage hierarchical multiple regression analysis was
used to analyze the predictive abilities of both freshman GPA scores and homeschooling
on cumulative graduation GPAs, and to examine the possibility of homeschooling as a
moderator of the relationship of freshman GPA to cumulative graduation GPA. In the
first block, fgpa_cent was entered as the predictor variable, fgpa_cent and hmscl were
entered as the predictor variables in the second block, and fgpa_cent, hmscl, and the
interaction variable (fgpa_centXhmscl) were entered into the third block. Analysis
indicated that all assumptions were met.
The results of the hierarchical regression analyses are listed in Table 31. Model 1
was significant, since F(1, 119) = 219.727 and p < .001. The R2 value of .649 for this
model indicated that this model explained 64.9% of the variability of cumulative GPAs at
graduation. Model 2 was not significant, since ΔF(1, 118) = 0.952, p = .166, R2 = .651,
and ΔR2 = .003. This new model only accounted for an additional .3% of the variability
of cumulative GPAs at graduation. Model 3 was approaching significance, since ΔF(1,
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117) = 2.274, p = .067, R2 = .658, and ΔR2 = .007. This new model only accounted for an
additional .7% of the variability of graduation GPAs over Model 2 and 1% over Model 1.
Table 31
Freshman GPA (fgpa) Regressed onto Graduation GPA Model Summary Table

Model
1
2
3

R2
.649
.651
.658

Adjusted R2
.646
.646
.649

Change statistics
R2 change
F change
.649
219.727
.003
.952
.007
2.274

Sig.
.000
.166
.067

Note. Model 1 Predictors: (Constant), fgpa_cent; Model 2 Predictors: (Constant), fgpa_cent, hmscl; Model
3 Predictors: (Constant), fgpa_cent, hmscl, fgpaXhmscl.

While an overall 1% increase from Model 1 to Model 3 is an extremely small
contribution, because the ΔF was approaching significance in Model 3, the researcher
decided to explore the interaction effect.
SPSS was used to graph the interaction effect of hmscl on the relationship of
fgpa_cent scores to gdgpa. The graph is provided in Figure 6. The software Interaction!
(Soper, 2013) was used to test for the significance of simple effects. The simple slope
value for students who were homeschooled was .786 (SE = .064, p < .001). The simple
slope value for students who were traditionally schooled was .639 (SE = .073, p < .001).
It was also noted that the lines do intersect. Because the analysis of simple slopes effect
demonstrated an interaction, Model 3 was selected as the better model. Table 32 contains
the linear model predictors of fgpa_cent on gdgpa. These values indicated that for
students with lower freshman GPAs, homeschool students scored lower, but for students
with higher freshman GPA, homeschool students scored higher.
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Figure 6. Graph of simple slopes effect for moderation effect of hmscl on fgpa_cent as
predictors of gdgpa.
Table 32
Linear Model of Predictors of Freshman GPA and Homeschooling on Graduation GPA

constant
fgpa_cent
hmscl
fgpa_centXhmscl

b
2.504
.639
-.056
.147

SE
.066
.073
.089
.097

t
37.653
8.806
-.626
1.508

Sig.
.000
.000
.266
.067

Note. Dependent variable was gdgpa; R2 = .658.

FSTGPA on GRADGPA. A three-stage hierarchical multiple regression analysis
was used to analyze the predictive abilities of both freshman GPA scores of STEM
courses and homeschooling on cumulative graduation GPAs, and to consider the
possibility of homeschooling as a moderator of the relationship of freshman STEM GPA
to cumulative graduation GPA. In the first block, fstgpa_cent was entered as the predictor
variable, fstgpa_cent and hmscl were entered as the predictor variables in the second
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block, and fstgpa_cent, hmscl, and the interaction variable (fstgpa_centXhmscl) were
entered into the third block. Analysis indicated that all assumptions were met.
The results of the hierarchical regression analyses are listed in Table 33. Model 1
was significant, since F(1, 119) = 105.631 and p < .001. The R2 value of .470 for this
model indicated that this model explained 47% of the variability of cumulative GPAs at
graduation. Model 2 was not significant, since ΔF(1, 118) = 0.473, p = .211, R2 = .473,
and ΔR2 = .003. This new model only accounted for an additional .3% of the variability
of cumulative GPAs at graduation. Model 3 was not significant, since ΔF(1, 117) = .151,
p = .349, R2 = .474, and ΔR2 = .001. This new model only accounted for an additional
.1% of the variability of graduation GPAs over Model 2 and .4% over Model 1. These
values indicated that Model 1 was the better model, and that homeschooling had no
moderating effect on the relationship between freshman STEM GPA and cumulative
graduation GPA. Table 34 contains the linear model predictors of fstgpa_cent on gdgpa.
Table 33
Freshman STEM GPA (fstgpa) Regressed onto Graduation GPA Model Summary Table

Model
1
2
3

R2
.470
.473
.474

Adjusted R2
.466
.464
.460

Change statistics
R2 change
F change
.470
105.631
.003
.651
.001
.151

Sig.
.000
.211
.349

Note. Model 1 Predictors: (Constant), fstgpa_cent; Model 2 Predictors: (Constant), fstgpa_cent, hmscl;
Model 3 Predictors: (Constant), fstgpa_cent, hmscl, fgpaXhmscl.

STEM_GRADGPA
Hierarchical multiple regression analysis was used to analyze the predictive
abilities of freshman GPA scores, freshman GPAs of STEM courses, and homeschooling
on cumulative graduation GPAs of STEM courses, and to consider the possibility of
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Table 34
Linear Model of Predictors of Freshman STEM GPA on Graduation GPA

constant
fstgpa_centXhmscl

b
2.587
.495

SE
.052
.048

t
49.675
10.278

Sig.
.000
.000

Note. Dependent variable was gdgpa; R2 = .470.

homeschooling as a moderator of the relationship of freshman GPA or freshman STEM
GPA to cumulative graduation GPA of STEM courses. Because all freshman STEM
courses are part of the total freshman GPA, two separate hierarchical multiple regressions
were run to examine these relationships.
FGPA on STEM_GRADGPA. A three-stage hierarchical multiple regression
analysis was used to analyze the predictive abilities of both freshman GPA scores and
homeschooling on cumulative graduation GPAs of STEM courses, and to consider the
possibility of homeschooling as a moderator of the relationship of freshman GPA to
cumulative graduation GPA of STEM courses. In the first block, fgpa_cent was entered
as the predictor variable, fgpa_cent and hmscl were entered as the predictor variables in
the second block, and fgpa_cent, hmscl, and the interaction variable (fgpa_centXhmscl)
were entered into the third block. Analysis indicated that all assumptions were met.
The results of the hierarchical regression analyses are listed in Table 35. Model 1
was significant since F(1, 119) = 163.602 and p < .001. The R2 value of .579 for this
model indicated that this model explained 57.9% of the variability of cumulative GPAs of
STEM courses at graduation. Model 2 was not significant, since ΔF(1, 118) = .453, p =
.251, R2 = .581, and ΔR2 = .002. This new model only accounted for an additional .2% of
the variability of cumulative GPAs at graduation. Model 3 was not significant, since
ΔF(1, 117) = .422, p = .259, R2 = .582, and ΔR2 = .002. This new model only accounted
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Table 35
Freshman GPA (fgpa) Regressed onto Graduation STEM GPA Model Summary Table

Model
1
2
3

2

R
.579
.581
.582

2

Adjusted R
.575
.573
.571

Change statistics
R change
F change
.579
163.602
.002
.453
.002
.422
2

Sig.
.000
.251
.259

Note. Model 1 Predictors: (Constant), fgpa_cent; Model 2 Predictors: (Constant), fgpa_cent, hmscl; Model 3
Predictors: (Constant), fgpa_cent, hmscl, fgpaXhmscl.

for an additional .2% of the variability of graduation STEM GPA over Model 2 and .4%
over Model 1. These values indicate that Model 1 was the better model and that
homeschooling had no moderating effect on the relationship between freshman GPA and
graduation GPA of STEM courses. Table 36 contains the linear model predictors of
fstgpa_cent on gdgpa.
Table 36
Linear Model of Predictors of Freshman GPA and Homeschooling on Graduation GPA

constant
fgpa_cent

b
2.296
.783

SE
.056
.061

t
40.846
12.791

Sig.
.000
.000

Note. Dependent variable was gstdgpa; R2 = .579.

FSTGPA on STEM_GRADGPA. A three-stage hierarchical multiple regression
analysis was used to analyze the predictive abilities of both freshman GPA scores of
STEM courses and homeschooling on cumulative graduation GPAs of STEM courses,
and to consider the possibility of homeschooling as a moderator of the relation of
freshman STEM GPA to cumulative graduation GPA of STEM courses. In the first
block, fstgpa_cent was entered as the predictor variable, fstgpa_cent and hmscl were
entered as the predictor variables in the second block, and fstgpa_cent, hmscl, and the
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interaction variable (fstgpa_centXhmscl) were entered into the third block. Analysis
indicated that all assumptions were met.
The results of the hierarchical regression analyses are listed in Table 37. Model 1 was
significant, since F(1, 119) = 143.354 and p < .001. The R2 value of .546 for this model
indicated that this model explained 54.6% of the variability of cumulative GPAs of
STEM courses at graduation. Model 2 was not significant, since ΔF(1, 118) = .435, p =
.256, R2 = .548, and ΔR2 = .002. This new model only accounted for an additional .2% of
the variability of cumulative GPAs of STEM courses at graduation. Model 3 was not
significant, since ΔF(1, 117) = .162, p = .344, R2 = .549, and ΔR2 = .001. This new model
only accounted for an additional .1% of the variability of cumulative GPAs of STEM
courses at graduation over Model 2 and .3% over Model 1. These values indicated that
Model 1 was the better model, and that homeschooling had no moderating effect on the
relationship between freshman STEM GPA and cumulative graduation GPA of STEM
courses. Table 38 contains the linear model predictors of fstgpa_cent on gstdgpa.
Table 37
Freshman STEM GPA (fstgpa) Regressed onto Graduation GPA Model Summary Table

Model
1
2
3

R2
.546
.548
.549

Adjusted R2
.543
.540
.537

Change statistics
R2 change
F change
.546
143.354
.002
.435
.001
.162

Sig.
.000
.256
.344

Note. Model 1 Predictors: (Constant), fstgpa_cent; Model 2 Predictors: (Constant), fstgpa_cent, hmscl;
Model 3 Predictors: (Constant), fstgpa_cent, hmscl, fgpaXhmscl.
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Table 38
Linear Model of Predictors of Freshman STEM GPA and Homeschooling on Graduation
GPA

constant
fstgpa_centXhmscl

b
2.356
.613

SE
.055
.051

t
42.513
11.973

Sig.
.000
.000

Note. Dependent variable was gstdgpa; R2 = .546.

Analysis for Research Question 7
Hierarchical Bivariate Logistic Regression—GRAD
FGPA on GRAD. A three-stage hierarchical bivariate logistic regression analysis
was used to examine the predictive relationship of freshman GPA on graduation with a
STEM major within six years (grad). In the first block, fgpa_cent was entered as the
predictor variable, in the second block, fgpa_cent and hmscl were entered as the predictor
variables, and in the third block, and fgpa_cent, hmscl, and the interaction variable
(fgpa_centXhmscl) were entered. Diagnostic evaluation indicated that assumptions were
met.
The first output analyzed was the Omnibus Tests of Model Coefficients. The
values from the tables are found in Table 39. Model 1 yielded a chi-square Model statistic
of 150.835 that was significant (p < .001) and indicated that the model improved
significantly when fgpa_cent was added as a predictor. This model also yielded a
prediction percentage correct of 80.2%. Model 2 yielded a chi-square Model statistic of
152.450 that was significant (p < .001), but it also yielded a chi-square Block statistic of
.204 that was not significant (p = .102) and that indicated that adding hmscl to the model
had little effect on the fit. The model yielded a prediction percentage correct of 80.9%,
which was only .7% above the correct predictive percentage of the model. Model 3
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Table 39
Omnibus Test of Model Coefficients and Model Percentage Correct for FGPA on GRAD

Model
Model 1

Omnibus Tests of Model Coefficients
Chisquare
df
Sig.
Step
Block
Model

150.835
150.835
150.835

1
1
1

.000
.000
.000

Step
Block
Model

1.615
1.615
152.450

1
1
2

.102
.102
.000

Model 2

% correct
80.2

80.9

Model 3

80.9
Step
Block
Model

2.380
2.380
154.830

1
1
3

.062
.062
.000

Note. Dependent variable = grad; Df = degrees of freedom.

yielded a chi-square Block statistic of 2.380, which was approaching significance (p =
.062); however, the model yielded a prediction percentage correct that was exactly the
same as Model 2 at 80.9%. Based on these comparisons, Model 2 was the best model
because it had the highest percent correct, and homeschooling did not have a moderating
effect on the ability of freshman GPA scores to predict graduation in six years with a
STEM degree.
The value for the fgpa_cent odds ratio was 10.514 (95% CI 6.099–18.125), which
indicated that as the predictor fgpa_cent increased, the odds of graduating also increased.
Model 2 indicated that the odds of graduating in six years with a STEM major are 10.178
times greater for someone with a freshman GPA score of three compared to someone
with a freshman GPA score of two. Model 2 also indicated that the value for the hmscl
odds ratio was .669 (95% CI .359–1.248). Model 2 indicated that the odds of graduating
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in six years with a STEM major are .669 times lower for someone who was
homeschooled than for someone who was traditionally schooled. Table 40 contains the
coefficients used to for the model that predict whether or not a student was retained.
Table 40
Coefficients of the Model Predicting Graduation for FGPA on GRAD

Constant
fgpa_cent
hmscl

B
-.711
2.353
-.402

S.E.
.228
.278
.318

Sig.
.001
.000
.103

95% CI for odds ratio
LL
Odds
UL
6.099
.699

10.514
.359

18.125
1.248

Note. Dependent variable = grad; SE = standard error; CI = confidence interval; LL = lower limit;
Odds = odds ratio; UL = upper limit. Model χ2(2) = 152.450, p < .001.

FSTGPA on GRAD. A three-stage hierarchical bivariate logistic regression
analysis was used to examine the predictive relationship of freshman GPA of STEM
courses on graduation with a STEM major within six years (grad). In the first block,
fstgpa_cent was entered as the predictor variable, in the second block, fstgpa_cent and
hmscl were entered as the predictor variables, and in the third block, fstgpa_cent, hmscl,
and the interaction variable (fstgpa_centXhmscl) were entered. Diagnostic evaluation
indicated that assumptions were met.
The first output analyzed was the Omnibus Tests of Model Coefficients. The
values from these tables are found in Table 41. Model 1 yielded a chi-square Model
statistic of 136.023 that was significant (p < .001) and indicated that the model improved
significantly when fstgpa_cent was added as a predictor. This model also yielded a
prediction percentage correct of 77.9%. Model 2 yielded a chi-square Model statistic of
137.494 that was significant (p < .001), but it also yielded a chi-square Block statistic of
1.471 that was not significant (p = .113), and indicated that adding hmscl to the model
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Table 41
Omnibus Tests of Model Coefficients and Model Prediction Percentage Correct for
FSTGPA on GRAD

Model
Model 1

Omnibus Tests of Model Coefficients
Chisquare
df
Sig.
Step
Block
Model

136.023
136.023
136.023

1
1
1

% correct
77.9

.000
.000
.000

Model 2

80.2
Step
Block
Model

1.471
1.471
137.494

1
1
2

.113
.113
.000

Model 3

80.2
Step
Block
Model

.652
.652
154.830

1
1
3

.210
.210
.000

Note. Dependent variable = grad; Df = degrees of freedom.

had little effect on the fit. The model yielded a prediction percentage correct of 80.2%,
however, which was 2.3% above the correct predictive percentage of Model 1. Model 3
yielded a chi-square Block statistic of .652 that was not significant (p = .210). The model
yielded a prediction percentage correct that was exactly the same as Model 2 at 80.2%.
Based on these comparisons, Model 2 was the best model because it had the highest
percent correct, and homeschooling did not have a moderating effect on the ability of
freshman GPA scores to predict graduation in six years with a STEM degree.
The value for the fstgpa_cent odds ratio was 5.552 (95% CI 3.738–8.245), which
indicated that as the predictor fstgpa_cent increased, the odds of graduating also
increased. Model 2 indicated that the odds of graduating in six years with a STEM major
are 5.552 times greater for someone with a freshman STEM GPA score of three than for
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someone with a freshman STEM GPA of two. Model 2 also indicated that the value for
the hmscl odds ratio is .691 (95% CI .379–1.259), and that the odds of graduating in six
years with a STEM major are .691 times lower for someone who was homeschooled than
for someone who was traditionally schooled. Table 42 contains the coefficients used for
the model that predicts whether or not a student was retained.
Table 42
Coefficients of the Model Predicting Graduation for FSTGPA on GRAD

Constant
fstgpa_cent
hmscl

B
-.581
1.714
-.370

S.E.
.218
.202
.306

Sig.
.004
.000
.114

95% CI for odds ratio
LL
Odds
UL
.413
3.738
5.552
8.246
.379
.691
1.259

Note. Dependent variable = grad; SE = standard error; CI = confidence interval; LL = lower limit;
Odds = odds ratio; UL = upper limit. Model χ2(2) = 137.494, p < .001.

Summary
Independent samples t-tests were used to compare means and intercorrelations of
homeschooled students and traditionally schooled students in unmatched and matched
samples for several academic achievement variables, retention from freshman to
sophomore year within a STEM major, and graduation within six years with a STEM
degree. The results demonstrated the importance of using matched samples since
significant mean differences changed when the matched samples were analyzed
compared to the unmatched samples. The results also demonstrated that homeschoolers
scored means that were higher than traditionally schooled students on all variables for
both the unmatched and matched samples, but the means were only significantly different
for fgpa, while approached significant difference for fstgpa for comparisons of the
matched samples.
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Hierarchical multiple regressions and hierarchical bivariate logistic regressions
were run in order to determine the predictive significance of ACT scores and high school
types on first-year and graduation academic achievements, retention within a STEM
major from freshman year to sophomore year, and graduation within six years with a
STEM degree. The moderating effect of homeschooling on the relationship between ACT
scores and the outcome variables was also assessed. The results indicated that ACT
scores were significant outcome predictors for all analyses, but high school type was not.
The only times homeschooling demonstrated a moderating effect was on the relationship
of ACT scores as a predictor of fgpa, ACT scores as a predictors of fstgpa, and fgpa as a
predictor of gdgpa.
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CHAPTER V – CONCLUSION
Restatement of Purpose
The purpose of this study was to determine whether or not homeschooling has a
moderating effect on the academic achievement and retention of students who are
majoring in STEM programs at a private, faith-based liberal arts college. To accomplish
this purpose effectively, this study was designed to add to the current research regarding
the academic achievement and retention differences between homeschoolers and
traditionally schooled students by comparing academic achievement and retention of
unmatched and matched samples in STEM majors. The matched sample was then also
used to determine what predicts academic achievement and retention within STEM
degree studies while also considering the possible moderating effect of homeschooling
for these students.
Discussion of Findings
The following discussion section was designed to address each research question
separately. Since each research question had at least two hypotheses, each hypothesis was
specifically addressed and followed by a summary of all of the analyses for the research
question. Table 43 provides a summary of the comparisons of the means for the
independent samples t-test for the unmatched samples, and Table 44 provides a summary
of the comparisons of the means for the independent samples t-test for the matched
samples.
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Table 43
Summary of Comparisons of Means for Unmatched Samples

Group statistics
Var

N

M

t

t-test for equality of means
95% CI
M
SE
Sig.
LL
UL
diff
diff

Cohen's
d

ret
hmscl
trad

201
405

.610
.560

1.152

.125

.049

.042

-.035

.132

.101

hmscl
trad

201
405

.410
.360

1.183

.119

.050

.042

-.033

.133

.104

hmscl
trad

201
405

22.480
21.310

3.299

.001

1.171

.355

.474 1.869

.286

hmscl
trad
fstgpa
hmscl
trad
gdgpa
hmscl
trad
gdstgpa
hmscl
trad

201
405

2.430
2.349

.945

.173

.081

.085

-.087

.248

.079

201
405

2.252
2.158

.964

.168

.094

.098

-.098

.286

.079

83
147

3.045
2.981

.918

.180

.064

.07

-.074

.203

.128

83
147

2.912
2.859

.659

.256

.053

.08

-.105

.211

.091

grad

act

fgpa

Note. Var = variable; M = mean; M Diff = mean difference; SE Diff = standard error difference; CI = confidence interval; LL = lower
limit; UL = upper limit; Hmscl is coded as homeschooled = 1, traditional school = 0; ret is coded as retained = 1, not retained = 0; grad
is coded as graduated = 1; not graduated = 0.
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Table 44
Summary of Comparisons of Means for Matched Samples

Group statistics
Var
ret

t-test for equality of means
95% CI
M
SE
diff
diff
LL
UL

Cohen's
d

N

M

t

Sig.

hmscl
trad

149
149

0.63
.52

1.881

.031

.107

.057

-.005

.220

.220

hmscl
trad

149
149

.45
.36

1.534

.063

.087

.057

-.025

.199

.187

hmscl
trad

149
149

22.7
22.17

1.133

.129

.537

.474

-.396

1.469

.127

hmscl
trad
fstgpa
hmscl
trad
gdgpa
hmscl
trad
gdstgpa
hmscl
trad

149
149

2.45
2.24

1.851

.033

.211

.114

-.013

.434

.196

149
149

2.284
2.086

1.493

.069

.198

.132

-.063

.458

.165

67
54

3.028
2.974

.598

.276

.054

.090

-.125

.232

.114

67
54

2.894
2.847

.455

.325

.047

.104

-.158

.253

.084

grad

act

fgpa

Note. Var = variable; M = mean; M Diff = mean difference; SE Diff = standard error difference; CI = confidence interval; LL = lower
limit; UL = upper limit; Hmscl is coded as homeschooled = 1, traditional school = 0; ret is coded as retained = 1, not retained = 0; grad
is coded as graduated = 1; not graduated = 0.

Research Question 1
Research Question 1 was as follows: is there a difference between academic
achievement (ACT scores, FGPAs, first-year GPAs of STEM courses (STEM_FGPA),
cumulative GPAs at graduation (GRADGPA), cumulative GPAs at graduation of STEM
courses (STEM_GRADGPA), retention (RET), and six-year graduation rates (GRAD))
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when comparing unmatched and matched samples of homeschoolers and traditionally
schooled students who are STEM majors at a private, faith-based liberal arts institution?
Independent samples t-tests were utilized to address the specific hypotheses for this
research question. Because all of these hypotheses were directional, a one-tailed
significance value was used.
Hypothesis 1aum – Academic Achievement of Unmatched Samples. Analysis for
this hypothesis revealed that while homeschool students had a higher mean for each of
the academic achievement variables (ACT, FGPA, STEM_FGPA, GRADGPA, and
STEM_GRADGPA) when compared to traditionally schooled students, only ACT scores
were significantly different. This hypothesis was accepted for pre-entry attributes (ACT
scores) and was rejected for academic achievement in college for unmatched samples.
Hypothesis 1am – Academic Achievement of Matched Samples. Analysis for this
hypothesis revealed that while homeschool students had a higher mean for each of the
variables when compared to traditionally schooled students, only FGPA scores were
significantly higher and freshman STEM GPA scores were approaching a significant
difference. This hypothesis was rejected for freshman grades and accepted for pre-entry
attributes (ACT scores), GRADGPA, and STEM_GRADGPA.
Hypothesis 1rum – Retention of Unmatched Samples. Analysis for this hypothesis
revealed that homeschoolers did not have significantly different retention rates in STEM
majors than traditionally schooled students. This hypothesis was accepted.
Hypothesis 1rm – Retention of Matched Samples. Analysis for this hypothesis
revealed that homeschoolers had significantly higher retention rates in STEM majors than
traditionally schooled students. This hypothesis was rejected.
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Hypothesis 1gum – Graduation of Unmatched Samples. Analysis for this
hypothesis revealed that homeschoolers did not have significantly different graduation
rates in STEM majors than traditionally schooled students. This hypothesis was accepted.
Hypothesis 1gm – Graduation of Matched Samples. Analysis for this hypothesis
revealed that although homeschoolers did not have significantly different graduation rates
in STEM majors than traditionally schooled students, the higher mean for homeschoolers
was approaching significance. This hypothesis was rejected.
Discussion of Research Question 1. Regarding the comparison of standardized
test scores of traditionally schooled students and homeschooled students, Gloeckner and
Jones (2013) wrote that “it may be of interest to note that none of the studies [reviewed]
reported higher standardized test scores for traditional education samples over
homeschooled samples” (p. 311). In a later review that included even more studies, Ray
(2017a) wrote that “no studies have found home-education students to have lower
academic achievement test scores on average, than public school students” (p. 87).
The unmatched samples of traditionally schooled students and homeschooled
students indicated that homeschooled students had significantly higher ACT scores (M =
22.48, p < .001) than traditionally schooled students (M = 21.31). In the more statistically
robust comparison of matched samples of traditionally schooled students and
homeschooled students that were matched on gender, ethnicity, and SES, there was no
significant difference in ACT scores (p = .129), but the mean for the homeschooled
students was higher (M = 22.70) than traditionally schooled students (M = 22.17). The
findings of this study were similar to those of the study conducted by Yu et al. (2016) in
that statistically significant differences on standardized test scores found in unmatched
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samples disappeared when using matched samples. This researcher also noted that the
standardized test scores used for this study address the criticism by Lubienski et al.
(2013) that homeschoolers take standardized tests in different settings than traditionally
schooled students. All students took these tests administered by a professional in a
formalized setting, which helped to remove a possible confounding variable for these
types of results.
Since the matched samples allowed for more robust statistical analysis, and
because the results of the analysis of ACT scores demonstrated the importance of using
matched samples, the rest of the discussion of Research Question 1 only examines the
results for the matched samples. Tables 14 and 15 in Chapter 4 provide numerical
comparisons for unmatched samples if the reader wishes to refer back to these tables for
the sake of comparison with the values obtained for matched samples or the reader can
view a summary of these values Table 43 in this chapter.
Based on the various GPA analyses performed in this study, the findings were in
agreement with previous research that demonstrated that homeschool students are
adequately prepared for academic success in college (Basham et al., 2007; BolleBrummond & Wessel, 2012; Gloeckner & Jones, 2013; Holder, 2001; Lattibeaudiere,
2000; Sutton & Galloway, 2000). Some studies have found that homeschoolers
significantly outperformed traditionally schooled students (Bagwell, 2016; Cogan, 2010;
Jenkins, 1999; Holder, 2001; Litscher, 2016; Snyder, 2011), while others found no
significant difference in academic performance at the collegiate level (Sutton &
Galloway; Jones & Gloeckner, 2004). This study found that homeschoolers had
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significantly higher (p = .03) FGPAs (M = 2.45) than traditionally schooled students (M
= 2.24).
Very few studies have compared final GPAs of homeschoolers and traditionally
schooled students. Cogan (2010) found that homeschoolers graduated with significantly
higher GPAs (M = 3.46) when compared to traditionally schooled students (M = 3.16). It
should also be noted that Cogan’s homeschool sample was not as large or robustly
matched as that used in the current study, and it was not specific to STEM majors.
Almasoud and Fowler’s (2016) study at a STEM-focused post-secondary institution
found that homeschoolers had final GPAs (M = 3.45) that were significantly higher (p <
.001) when compared to those of traditionally schooled students (M = 2.69). The sample
size for Almasoud and Fowler’s study was very small, and it could not be guaranteed that
all students majored in a STEM major. This study also found that homeschoolers had
higher GRADGPAs (M = 3.03) compared to traditionally schooled students (M = 2.97),
although this difference was not significant (p = .276). Although the differences were not
significant, these findings were in agreement with the previous studies that indicated
homeschoolers did at least as well as traditionally schooled students upon completion of
an undergraduate degree.
While no studies have specifically compared the GPA values of STEM courses of
homeschoolers and traditionally schooled students, the findings of this study are similar
to the overall findings of GPA analysis. Homeschoolers had higher STEM_FGPAs (M =
2.28) that were approaching significance (p = .069) when compared to those of
traditionally schooled students (M = 2.28). Homeschooled students also had higher
STEM_GRADGPAs (M = 2.89) compared to traditionally schooled students (M = 2.85),
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although neither of these differences was significant (p = .325). Because of the lack of
generalizability of this study, these results may not be applicable to other institutions.
They do, however, provide a starting point in that the findings of this study indicated that
homeschoolers are as academically prepared to major in a STEM degree as traditionally
schooled students.
Very few studies have examined the effect of homeschooling on retention and
graduation at post-secondary institutions, and no studies have specifically compared
retention and graduation of homeschoolers to traditionally schooled students in STEM
majors. This study found that homeschoolers were more likely to be retained in a STEM
degree (M = .630) for their sophomore year when compared to traditionally schooled
students (M = .520), and that this difference was significant (p = .031). This study also
found that homeschoolers were more likely to graduate with a STEM degree within six
years (M = .45) when compared to traditionally schooled students (M = .36), and that this
difference was approaching significance (p = .060). There really are no comparison
studies, however, since other homeschool/retention studies examined retention within the
institution, not within a STEM major. Still, these numbers can be compared to national
averages. The PCAST report (Olson & Riordan, 2012) noted that the six-year graduation
rate for STEM majors is less than 40%. The six-year completion rate for homeschooled
students from the matched sample in this study was 45%, which is above the national
average, and the six-year completion rate for traditionally schooled students from the
matched sample was 36%, which is close to the national average. While this study cannot
be generalized to represent national norms, it added to the findings of previous
hypotheses that homeschooled students are well equipped for study in STEM majors.
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In summary, academic preparation of students prior to beginning their
undergraduate studies in STEM programs is crucial (Astin & Astin, 1992; Griffith, 2010;
Rask, 2010). The findings of Research Question 1 are generally in agreement with what
other studies have indicated. Homeschool students are as academically prepared for postsecondary studies as traditionally schooled students. More specifically, this study adds
that, homeschool students are as academically prepared for post-secondary studies in
STEM majors, and that their retention and graduation rates will be just as high if not
higher than their traditionally schooled counterparts.
Research Questions 2–7
Similar to Research Question 1, each of the hypotheses for Research Questions 2–
7 is addressed individually and then a summary discussion is provided. Table 45 provides
a summary of the best models for research questions that analyzed pre-entry attributes
(ACT scores) using hierarchical multiple regression. Table 45 also provides a summary
of the best models for research questions that analyzed FGPA and STEM_GPA as
predictor variables using hierarchical logistic bivariate regression. Table 46 provides a
summary of the best models for research questions that were analyzed using hierarchical
logistic bivariate regression. The predictors from the best fit model are provided along
with key statistical findings.
Research Question 2
Hypothesis 2 – Effects of ACT Scores and Homeschooling on Freshman Academic
Achievement. Analysis for this hypothesis revealed that ACT scores were a significant
predictor of the variability of FGPAs, and that although homeschooling was not a
significant predictor, it was approaching significance. Analysis for this hypothesis also
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Table 45
Summary of Results of Best Fit Models Using Hierarchical Multiple Regression
R2
.229

RQ DV
2 fgpa

2

fstgpa

.216

4
4
6

gdgpa
gdstgpa
gdgpa

.174
.178
.658

6
6

gdgpa
gdstgpa
gdstgpa

.470
.579
.546

Predictor(s)
act_cent
hmscl
act_centXhmscl
act_cent
hmscl
act_centXhmscl
act_cent
act_cent
fgpa_cent
hmscl
fgpa_centXhmscl
fstgpa_cent
fgpa_cent
fstgpa_cent

b
.133
.152
-.048
.145
.130
-.038
.051
.059
.639
-.056
.147
.495
.783
.613

SE
.017
.101
.025
.020
.118
.029
.010
.012
.073
.089
.097
.048
.061
.051

t
7.743
1.504
-1.932
7.213
1.099
-1.324
4.979
5.072
8.806
-.626
1.508
10.278
12.791
11.973

Sig.
.000
.067
.027
.000
.137
.093
.000
.000
.000
.266
.067
.000
.000
.000

Note. RQ = research question; DV = dependent variable; SE = standard error.

Table 46
Summary of Results of Best Fit Models Using Hierarchical Bivariate Logistic Regression
95% CI for odds ratio
RQ DV
3 ret
5 grad

%
correct
65.4
62.8

7 grad

80.9

7 grad

80.2

Predictor
act_cent
act_cent
hmscl
fgpa_cent
hmscl
fstgpa_cent
hmscl

b
.152
.141
-.319
2.353
-.402
1.714
-.370

SE
.032
.032
.246
.278
.318
.202
.306

Note. RQ = research question; DV = dependent variable; SE = standard error.
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Sig
.000
.000
.194
.000
.103
.000
.114

LL
1.093
1.082
.449
6.099
.699
3.738
.379

Odds
1.164
1.152
.727
10.514
.359
5.552
.691

UL
1.239
1.225
1.177
18.125
1.248
8.246
1.259

revealed that ACT scores were a significant predictor of the variability of FGPAs for
STEM courses, and that homeschooling was not a significant predictor. This hypothesis
was accepted based on the moderation of homeschooling found in the second hypothesis
of this research question.
Hypothesis 2a – Positive Moderation Effect of Homeschooling. Analysis for this
hypothesis revealed that homeschooling did have a significant moderating effect on the
relationship between ACT scores and FGPAs, but that this effect was mixed.
Homeschool students with lower ACT scores had higher FGPAs than traditionally
schooled students, but homeschool students with higher ACT scores had lower FGPAs
than traditionally schooled students. Analysis for this hypothesis also revealed that
homeschooling did have a significant moderating effect on the relationship between ACT
scores and FGPAs of STEM courses, but that this effect was also mixed. Homeschool
students with lower ACT scores had higher FGPAs of STEM courses than traditionally
schooled students, but homeschool students with higher ACT scores had lower FGPAs of
STEM courses than traditionally schooled students. Since the relationship of
homeschooling on higher ACT scores was a negative relationship, this hypothesis was
rejected.
Discussion of Research Question 2. Studies have indicated that standardized test
scores such as ACT and SAT are good predictors of academic achievement at postsecondary institutions (Bridgeman, 2008; Burton & Ramist, 2001; Rohr, 2012; Westrick,
Le, Robbins, Radunzel, and Schmidt, 2015; Wilson, 1983). As such, the findings of this
study corroborated these other studies. This was also true for each of the other research
questions (i.e., Research Questions 2–5) that examined the relationship of pre-entry
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attributes (ACT scores). To prevent unnecessary repetition, the discussion regarding the
corroboration of ACT scores as significant predictors are not repeated each time. Instead,
the discussion of each of the following research questions focuses on the moderating
effect of homeschooling.
While homeschooling was not a statistically significant predictor of FGPA, the
moderating effect of homeschooling on the relationship of ACT scores to FGPAs was
significant, which was why it was retained within the model. Similar to the discussion of
the significance of ACT scores as a predictor, the findings for homeschooling as a
significant predictor held true for each model; that is, there was no model in which
homeschooling was a significant predictor. There were, however, occasions where the
moderating effect of homeschooling was significant, and that will be addressed for each
applicable research question.
It was not surprising to discover that homeschooling had a moderating effect on
freshman academic achievement since the analysis results from Research Question 1
indicated that homeschoolers had significantly higher FGPAs and STEM_FGPAs that
were approaching significance. While previous research has been done on the
relationship of homeschooling to freshman GPAs, no prior research has been conducted
on the relationship of homeschooling to freshman GPAs of STEM courses.
Cogan (2010) and Litscher (2015) both found that homeschooling had a positive
effect on FGPAs. Yu et al. (2016) found a significant interaction effect of homeschooling
on the relationship between SAT scores and FGPAs, but they also found that this
relationship was no longer significant “after controlling for HSGPA” (p. 34). The
findings of this study concurred with these other studies. The hierarchical multiple
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regression model for FGPA indicated a statistically significant interaction (simple slope
effect p < .001 and p < .001, respectively) of homeschooling on the relationship between
ACT scores and FGPAs. The interaction effect discovered in this study was positive for
students who had lower ACT scores, but negative for students who had higher ACT
scores. While there was initial evidence for a moderating effect of homeschooling on
FGPAs, further research is required in order to determine what role this effect plays.
Since there are no other studies that specifically examine the moderating effect of
homeschooling on pre-entry attributes and STEM_FGPAs, no comparisons can be made;
however, conclusions similar to those made for the analysis of FGPA can be drawn since
the findings were similar. This study provided initial evidence of a moderating effect on
the relationship of pre-entry attributes to STEM_FGPAs, but more research is required to
support the existence of this effect and specify what role this effect plays if it does exist.
Research Question 3
Hypothesis 3 – Effects of ACT Scores and Homeschooling on Retention. Analysis
for this hypothesis revealed that ACT scores were a significant predictor of the variability
of retention in STEM majors, but that homeschooling was not significant predictor.
Additionally, when homeschooling was entered into the model, the predictive correctness
of the model decreased. This hypothesis was rejected.
Hypothesis 3a – No Moderation Effect of Homeschooling. Analysis for this
hypothesis revealed that there was no moderating effect of homeschooling on the
relationship between ACT scores and retention in STEM majors. This hypothesis was
accepted.
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Discussion of Research Question 3. The findings for Research Question 3 were
surprising in that the findings of Research Question 1 indicated that homeschoolers were
significantly more likely to be retained than traditionally schooled students were. This
may be because of the findings in Research Question 2 that indicated that homeschooling
had a more positive moderating effect on students with low ACT scores than high ACT
scores. The regression analysis for retention indicated that ACT scores were significant
positive predictors of retention. That meant that the higher the ACT score, the more likely
a student would be retained. That also meant that the higher the ACT score, the less
moderating effect homeschooling had. The higher achieving students that were retained
therefore likely did not experience the moderating effect of homeschooling. This may
explain why no moderating effect of homeschooling on the relationship of ACT scores on
retention was found.
Additionally, the findings of this study were similar to the few studies that have
examined the relationship between homeschooling and overall retention within an
institution. There are a very limited number of studies that have examined the
relationship between homeschoolers and retention, and no previous studies have
specifically examined the relationship between homeschoolers and the retention of STEM
majors. In the studies that have examined the relationship between homeschooling and
retention, each found that homeschooling did not have a significant moderating effect on
retention (Cogan, 2010; Litscher, 2015; Yu et al., 2016). Although specific to retention
within a STEM major, the findings of this study were similar in that homeschooling did
not moderate the relationship between pre-entry attributes and retention.
Research Question 4
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Hypothesis 4 – Effects of ACT Scores and Homeschooling on Graduation
Academic Achievement. Analysis for this hypothesis revealed that ACT scores were a
significant predictor of the variability of GRADGPAs, but that homeschooling was not a
significant predictor. Analysis for this hypothesis also revealed that ACT scores were a
significant predictor of the variability of STEM_GRADGPAs, but that homeschooling
was not a significant predictor. This hypothesis was rejected.
Hypothesis 4a – Positive Moderation Effect of Homeschooling. Analysis for this
hypothesis revealed that there was no moderating effect of homeschooling on the
relationship between ACT scores and academic achievement at graduation. This
hypothesis was rejected.
Discussion of Research Question 4. It was not surprising to find that
homeschooling had no moderating effect on academic achievement at graduation since
there was no significant difference between homeschoolers and traditionally schooled
students for either GRADGPA or STEM_GRADGPA in the analyses performed for
Research Question 1. The only other study that has specifically examined the relationship
between homeschooling and GRADGPA is that was conducted by Cogan (2010). He
found that homeschooling had a positive impact on the fourth-year GRADGPA in his
study (.10 > p > .05). It should be noted that the dataset used for this analysis only
contained 27 homeschool students. The findings of this study did not corroborate the
findings of Cogan’s study, because no relationship was found between homeschooling
and GRADGPA. One reason for this may be that Cogan’s study included students from a
wider variety of majors because he was not limited to STEM majors when determining
the graduation GPA. It is also possible that Cogan would have found different results
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using a larger sample size of homeschoolers that was carefully matched with traditionally
schooled students.
Since there are no studies that specifically examine the moderating effect of
homeschooling on the relationship of pre-entry attributes and STEM_GRADGPA, no
comparisons could be made. Conclusions similar to those made for the analysis of FGPA
were made, however, since the findings were similar. This study provided initial evidence
that homeschooling has no moderating effect of the relationship of pre-entry attributes on
STEM_GRADGPA, but further research is required.
Based on the results of this study, it does appear that the moderating effect of
homeschooling apparent for first-year students dissipated as students progressed through
their STEM programs. This may be unique to the institution for this study, or it may
occur at other institutions as well. It would make sense if evidence continued to be found
that this effect disappears later in collegiate studies since the level of learning and
technical knowledge of the subject material is more closely tied to previous college
course work than it is to high school. This researcher recommends that similar studies be
performed at other institutions in order to assist in making a determination.
Research Question 5
Hypothesis 5 – Effects of ACT Scores and Homeschooling on Graduation.
Analysis for this hypothesis revealed that ACT scores were a significant predictor of the
variability of graduation in STEM majors, but that homeschooling was not a significant
predictor. This hypothesis was rejected.
Hypothesis 5a – No Moderation Effect of Homeschooling. Analysis for this
hypothesis revealed that there was no moderating effect of homeschooling on the
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relationship between ACT scores and retention in STEM majors. This hypothesis was
accepted.
Discussion of Research Question 5. It was not surprising to discover that
homeschooling had no moderating effect on the graduation of STEM majors since no
significant difference between homeschoolers and traditionally schooled students was
found in the analysis of Research Question 1. The only other study that has specifically
examined the relationship of homeschooling and graduation is the one conducted by
Cogan (2010). He found that homeschooling “did not significantly contribute to . . . four
year graduation models” (p. 24). It should be noted that the dataset used for Cogan’s
analysis only contained 27 homeschool students. The findings of the present study
corroborated the findings of Cogan’s study, although it should be noted that his study was
not limited to STEM majors. Since only two studies that have examined the effect of
homeschooling on graduation, and since these studies focused on different types of
majors (everything vs. STEM only), very limited conclusions could be drawn. Again,
more research is necessary to reach a more certain conclusion.
Research Question 6
Hypothesis 6F – Effects of Freshman Academic Achievement and Homeschooling
on Academic Achievement at Graduation. Analysis for this hypothesis revealed that
FGPA scores were a significant predictor of the variability of GRADGPAs, but that
homeschooling was not a significant predictor. Analysis for this hypothesis also revealed
that FGPA scores were a significant predictor of the variability of STEM_GRADGPAs,
but that homeschooling was not a significant predictor. This hypothesis was rejected.
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Hypothesis 6aF – Positive Moderation Effect of Homeschooling. Analysis for this
hypothesis revealed that homeschooling did have a significant moderating effect on the
relationship between FGPAs and GRADGPAs, but that this effect was mixed.
Homeschool students with lower FGPAs had lower GRADGPAs than traditionally
schooled students, but homeschool students with higher FGPAs had higher GRADGPAs
than traditionally schooled students. Analysis for this hypothesis also revealed that
homeschooling did not have a significant moderating effect on the relationship between
FGPAs and STEM_GRADGPAs. Because of the mixed moderating effect of FGPAs on
academic achievement at graduation, this hypothesis could only be accepted for FGPAs,
and further research is recommended.
Hypothesis 6S – Effects of Freshman Academic Achievement and Homeschooling
on Academic Achievement at Graduation. Analysis for this hypothesis revealed that
STEM_FGPA scores were a significant predictor of the variability of GRADGPAs, but
that homeschooling was not a significant predictor. Analysis for this hypothesis also
revealed that STEM_FGPA scores were a significant predictor of the variability of
STEM_GRADGPAs, but that homeschooling was not a significant predictor. This
hypothesis was rejected.
Hypothesis 6aS – Positive Moderation Effect of Homeschooling. Analysis for this
hypothesis revealed that homeschooling did not have a significant moderating effect on
the relationships between FSTGPA and GRADGPA or STEM_GRADGPA. This
hypothesis was rejected.
Discussion of Research Question 6. It was not surprising to discover that
homeschooling had a moderating effect of FGPA on GRADGPA since there was a
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significant difference in FGPAs between homeschoolers and traditionally schooled
students found in the analysis of Research Question 1. No moderating effect of
homeschooling on the relationship between FGPA and STEM_GRADGPA was found,
however. It was not surprising to find that homeschooling had no moderating effect on
the relationship of FSTGPA and GRADGPA or STEM_FGPA and STEM_GRADGPA
since there was no significant difference between homeschool students and traditionally
schooled students found in the analysis of Research Question 1 for any of these variables.
Since institutions of higher learning are generally more concerned with whether
or not a student graduates as opposed to the GPA a student earns at graduation, there is
limited information available concerning the relationship of FGPA to GRADGPA. Since
students who have low grades are less academically integrated, it is less likely for them to
be retained through to graduation (Litscher, 2015; Pascarella & Terenzini, 2005; Tinto
1975, 1993). A literature review conducted by Wilson (1983) did indicate that FGPA is a
better predictor of GRADGPA than standardized entrance test scores, but both predictors
become less effective as a student continues in his or her collegiate studies. Students
carry their FGPAs with them through the remainder of their studies, which means that
their FGPAs contribute to their final GPAs. The habits that help students to perform well
during their freshman year will assist them as they continue their studies. Those students
who struggle academically during their freshman year often continue to do so throughout
their collegiate experience. If an institution can successfully predict which students are
going to have low GPAs at graduation, they are able to intervene and assist students in
increasing their GPAs (Tekin, 2014).
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More research is required concerning the relationship between homeschooling
and FGPA. Results from Research Question 1 found that homeschoolers had a
significantly higher mean FGPA than traditionally schooled students. Research Question
2 found that the relationship between ACT scores and FGPAs was moderated by
homeschooling. While results from Research Question 2 found that homeschooling had a
moderating effect on the relationship between ACT scores and STEM_FGPA, the mean
difference in STEM_FGPA between homeschoolers and traditionally schooled students
was only approaching significance. The results of those research questions combined
with the findings for this research question may indicate that homeschool students are
well prepared for general education studies but are not as prepared for STEM courses.
This would be in line with Kuntzman and Gaither (2013) who noted that the findings
from more robust studies of homeschooled students might indicate that homeschooling
improves verbal abilities but weakens math skills. This is not to say that homeschoolers
are not as prepared as traditionally schooled students since results from the current study
indicated that they were; however, the overall achievement of homeschoolers in their
freshman year was not found at the same level in their freshman STEM courses, and this
appears to have carried through to graduation. A deeper analysis of subscores from
standardized tests and general education classes from the freshman year may help to
provide a better understanding of this relationship.
Research Question 7
Hypothesis 7F – Effects of Freshman Academic Achievement on Graduation.
Analysis for this hypothesis revealed that FGPA was a significant predictor of the
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variability of graduation in STEM majors, but that homeschooling was not a significant
predictor. This hypothesis was rejected.
Hypothesis 7aF – No Moderation Effect of Homeschooling. Analysis for this
hypothesis revealed that there was no moderating effect of homeschooling on the
relationship between FGPA and graduation in STEM majors. This hypothesis was
accepted.
Hypothesis 7S – Effects of Freshman STEM Academic Achievement on
Graduation. Analysis for this hypothesis revealed that STEM_FGPA was a significant
predictor of the variability of graduation in STEM majors, but that homeschooling was
not a significant predictor. This hypothesis was rejected.
Hypothesis 7aS – No Moderation Effect of Homeschooling. Analysis for this
hypothesis revealed that there was no moderating effect of homeschooling on the
relationship between STEM_FGPA and graduation in STEM majors. This hypothesis
was accepted.
Discussion of Research Question 7. The conclusion that freshman grades are
significant predictors of graduation with a STEM degree falls in line with the findings of
other researchers (Astin & Astin, 1992; Cromely et al., 2016; Feng et al., 2017; Maltese
& Tai, 2011; Ost, 2010; Rask, 2010). Rask found that grades are a consistent predictor of
students continuing in a STEM major. Ideally, this continued persistence eventually leads
to graduation. As such, it is expected that grades are not only a predictor of retention
within STEM studies, but of graduation with a STEM degree as well. The answers to this
research question support this assessment.
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Additionally, the findings for Research Question 7 continued the trend observed
in Research Question 6 in that the potential for homeschooling to cause a moderating
effect after the freshman year appears to have diminished over time. Cogan’s (2010)
study on the moderating effects of homeschooling on various collegiate outcomes
indicated that “the homeschool variable did not significantly contribute to . . . four-year
graduation models” (p. 24). Both the present study and Cogan’s research found nonsignificant higher rates of graduation for homeschoolers when compared to traditionally
schooled students, but neither found a moderating effect. The previously described
differences between these two studies must be noted, but taken together, these studies
appear to indicate that homeschoolers had higher graduation rates, and that this may be
an overall trend. Nevertheless, more studies of this type are required before valid
conclusions can be drawn.
Implications for Practice
This study was specific to a single private, faith-based liberal arts college, which means
that the findings are extremely limited when it comes to generalizability. This study’s
implications for practice are primarily applicable to the institution involved in the study,
but where similarities to findings from other studies occurred, they did add overall
support.
First, the overall academic achievement, retention, and graduation rates for
homeschoolers compared to traditionally schooled students were always similar or
higher, never lower. Although some significant differences in the means were noted,
there were very few, and homeschooling rarely had a moderating effect. Because of this,
school admissions officers, faculty, and school registrars can be equipped with the
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knowledge that homeschool students in STEM majors should be able to perform at least
as well as, if not better than, traditionally schooled students.
Second, the overall retention and graduation rates of STEM majors at this
institution were similar to what have been found at other institutions. While it is helpful
to know that these rates are similar, since overall retention and graduation rates of STEM
majors are considered low, steps should be taken to improve both retention and
graduation rates by using some of the measures suggested in the literature review. These
included the following: opportunities to perform research (Graham et al., 2013; Nadga et
al., 1998; Russell, Hancock, and McCullough, 2007), faculty interaction with STEM
students (Ghandi-Lee et al., 2017, Watkins & Mazur, 2013), interaction with peers in
STEM studies (Chang et al., 2008; Trenshaw et al., 2016), and active learning
methodologies that provide immediate feedback regarding student knowledge and
understanding (Freeman et al., 2014; Haack, HilleRisLmabers, Pitre, & Freeman, 2011;
Gasiewski et al., 2011).
Third, while this study is limited in its generalizability, other institutions can take
note that the findings of this study are similar to those of other single-institution and
multi-institution studies that have been performed using matched samples of
homeschooled students and traditionally schooled students. As such, this study lends
credibility to the general conclusion that homeschoolers are as prepared as traditionally
schooled students to enter post-secondary institutions for undergraduate studies.
Future Research
This is the first study to specifically examine the moderating effect of
homeschooling on STEM majors at any type of institution. Since the institution utilized
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in this study is a private, faith-based liberal arts institution, the researcher recommends
that this type of study be repeated at both similar and different institutions, including
public post-secondary institutions, to see if similar results are found. Doing so will
continue to help inform admissions processes at post-secondary institutions.
For the institution involved in this study, the researcher recommends that the
study essentially be repeated following the implementation of changes that are designed
to improve the academic achievement, retention, and graduation rates of STEM majors at
the institution. Repeating the analysis will help to inform the institution regarding the
effectiveness of these measures.
Studies of this type should be performed using robust matching methods to
remove as many confounding variables from group comparisons as possible. At a
minimum, these studies should match samples based on gender, ethnicity, and SES status,
because studies have indicated differences within each of these groups (Ray, 2017b; Yu
et al., 2016). This researcher also recommends that researchers interpret findings of
homeschool studies at the collegiate level with extreme caution when sample sizes are
small. This study was able to overcome the barrier of a small sample size of homeschool
students at a single institution in comparison to traditionally schooled students by using
an institution where homeschoolers make up a larger portion of the student body than is
found at most post-secondary institutions. This allowed for more reliable and valid
statistical analyses than other samples have been able to provide.
It should be noted that standardized test scores, such as ACT scores, and high
school type are not the only pre-entry attributes that students bring with them to postsecondary institutions (Tinto, 1975, 1993). Tinto (1975, 1993) also noted that a
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combination of both social and academic integration into a post-secondary institution
affects a student’s persistence. As such, this researcher recommends that further study be
conducted concerning the socialization aspect of Tinto’s model in addition to the
academic achievement aspect. Most studies focus on one aspect or the other. It would be
beneficial to an institution to study pre-entry attributes in conjunction with freshman
academic achievement and social integration in order to develop a comprehensive model
of student retention as it pertains to STEM majors. Also, while this study was only able to
make use of composite standardized test scores, the researcher recommends that similar
analyses be conducted using subscores of various sections, especially those of science
and math, since these are vital to success in STEM majors.
Finally, the researcher recommends that a qualitative study be conducted to help
understand why students choose to switch out of their STEM majors. It is well known
that grades play a crucial role in overall retention (Cogan, 2010; Pascarella and Terenzini,
2005; Tinto, 1999; Westrick et al., 2015), and this is also true for retention within STEM
fields of study (Astin & Astin, 1992; Cromely et al., 2016; Feng et al., 2017; Maltese &
Tai, 2011; Ost, 2010; Rask, 2010). Special emphasis should be placed on
underperforming students before their grades drop to the point that they no longer wish to
stay in their STEM majors. Individuals can experience many complex factors that
contribute to commitment – or lack thereof – to pursuing a STEM career (Feng, et al.,
2017). It is likely that this is also true of commitment to persisting in a STEM major.
Additionally, a qualitative study could reveal different reasons for lack of retention in
different majors. It is likely that studying numbers will not reveal these reasons, which
cannot be discovered without having deeper interactions/conversations with the students
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involved. Finally, while the findings of other studies have been recommended for
implementation in order to increase retention, the institution would benefit from
understanding the thinking processes students are using to make the decision to switch to
a major other than a STEM major. This knowledge would work in conjunction with these
other measures to reveal how effective the measures actually are.
Conclusion
Since retention within STEM majors is crucial for increasing the number of
individuals who enter the STEM workforce (Cromely, Perez, & Caplan, 2016; Green &
Sanderson, 2017; HERI, 2010; Olson & Riordan, 2012; Stets, Brenner, Burke, & Serpe,
2016; Trenshaw, Targan, & Valles, 2016), it is essential that these types of studies
continue. Homeschool graduates will continue to pursue STEM degrees at postsecondary institutions, and these institutions must be informed as to what to expect
regarding these students’ academic achievement, retention, and graduation rates as
compared to those of students who have graduated from traditional high schools. A
single-institution study at a private, faith-based liberal arts institution cannot truly
determine whether or not homeschooling has a moderating effect on retention and
graduation within STEM majors. While the results of this study concurred with previous
studies regarding the academic preparedness of homeschoolers, more studies should
specifically examine the relationship of homeschooling with STEM majors. The initial
findings presented here indicated that homeschoolers were as academically prepared as
traditionally schooled students, that they were just as likely to be retained within a STEM
major in their sophomore year, and that they were just as likely to graduate with a STEM
degree within six years, but further research is certainly required.
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APPENDIX A – STEM Courses Required for Each STEM Major
The following pages contain a listing of the STEM courses required for each
STEM major that was a part of this study. The numbers in front of the course names
indicate the following: 1 = freshman, 2 = sophomore, 3 = junior, and 4 = senior. This
represents the level of the course and not necessarily when it is listed on a student’s plan
of study. Catalogs for each year of study were checked to ensure that all STEM
courses/grades were a part of the dataset.
Biology
Table A1.
STEM Courses for Biology
Level
1
1
1
1
1
1
2
2
2
2
2
3
3
3
3
3
4
4
3/4
3/4

Course
Algebra II
General Biology I
General Biology II
General Chemistry I
General Chemistry II
Trigonometry
Concepts of Physics I
Concepts of Physics II
Microbiology
Organic Chemistry I
Organic Chemistry II
Anatomy and Physiology I
Anatomy and Physiology II
Biochemistry
Principles of Genetics
Statistics
Biotechnology
Professional Issues in Biology
Biology elective
Biology elective
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Chemistry
Table A2.
STEM Courses for Chemistry
Level
1
1
2
2
2
2
2
2
2
3
3
3
3
3
4
4
4
N/A

Course
General Chemistry I
General Chemistry II
Calculus I
Calculus II
Introduction to Programming
Organic Chemistry I
Organic Chemistry II
Physics I
Physics II
Analytical Chemistry
Biochemistry
Calculus III
Physical Chemistry I
Physical Chemistry II
Advanced Organic Chemistry
Inorganic Chemistry
Instrumental Analysis
Programming elective
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Computer Information Systems
Table A3.
STEM Courses for Computer Information Systems
Level
1
1
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
N/A

Course
Algebra II
Introduction to Computers
C Programming
COBOL Programming
Data Structures and Algorithms
Introduction to Programming
Object-Oriented Programming and Design
.NET Programming
Database I
Database II
Java Programming
Networks I
Networks II
Quantitative Methods
Software Engineering I
Statistics
Web Programming
Computer Hardware Maintenance
Computer Science Seminar
System Design
Computer Science elective
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Computer Science and Software Engineering
Table A4.
STEM Courses for Computer Science and Software Engineering
Level
1
1
1
2
2
2
2
2
3
3
3
3
3
3
3
3
4
4
4
4
4
4

Course
Algebra II
Introduction to Computers
Trigonometry
C Programming
Data Structure and Algorithms
Discrete Mathematics
Introduction to Programming
Object-Oriented Programming and Design
Assembler Language Programming
Database I
Linear Algebra
Networks I
Networks II
Operating Systems
Software Engineering I
Software Engineering II
Computer Architecture
Computer Science Seminar
Programming Languages
Software Engineering Project I
Software Engineering Project II
Topics in Computation
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Electrical Engineering
Table A5.
STEM Courses for Electrical Engineering
Level Course
Computer Programming and Graphics for Electrical
1
Engineers
1
Electrical Engineering Orientation
1
General Chemistry I
2
Calculus I
2
Calculus II
2
Circuits I
2
Circuits II
2
Dynamics
2
Numerical Methods for Engineering
2
Physics
2
Statics
3
Calculus III
3
Digital Electronics
3
Electromagnetic Fields
3
Electromagnetic Waves
3
Electronics I
3
Electronics II
3
Linear Systems
3
Mathematics of Complex Variables
4
Automatic Control Systems
4
Communications Systems
4
Differential Equations
4
Electrical Engineering Design
4
Electronics Design Lab
4
Engineering Economics and Professional Issues
4
Introduction to Microprocessors
4
Power Systems

183

Mathematics
Table A6.
STEM Courses for Mathematics
Level
2
2
2
2
2
2
2
2
3
3
3
3
3
3
4
4
4
N/A

Course
Calculus I
Calculus II
Discrete Mathematics
Introduction to Programming
Physics I
Physics II
Science Survey I*
Science Survey II*
Abstract Algebra
Calculus III
Geometry
Linear Algebra
Mathematics of Complex Variables**
Statistics
Advanced Calculus
Applied Mathematics
Differential Equations
Programming elective

Note. *Dropped from major during years of study; **added to major during years
of study.
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Mechanical Engineering
Table A7.
STEM Courses for Mechanical Engineering
Level Course
Engineering Graphics and Computer-Aided
1
Drafting
1
Engineering Orientation
1
General Chemistry I
2
Calculus I
2
Calculus II
2
Dynamics
2
Introduction to Mechanical Engineering Design
2
Materials Science
2
Mechanics of Materials
2
Numerical Methods for Engineering
2
Physics I
2
Physics II
2
Statics
3
Calculus III
3
Electrical Circuits
3
Electrical Systems
3
Fluid Mechanics
3
Thermodynamics
4
Automatic Control Systems
4
Circuits and Instrumentation Design Laboratory
4
Differential Equations
4
Engineering Economics and Professional Issues
4
Heat and Power Design Lab
4
Heat Transfer
4
Instrumentation Analysis Laboratory
4
Machine Design I
4
Senior Mechanical Engineering Design
3/4 Technical elective
3/4 Technical elective
3/4 Technical or engineering design elective
3/4 Technical or engineering design elective
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Pre-Medicine
Table A8.
STEM Courses for Pre-Medicine
Level
1
1
1
1
2
2
2
2
2
2
2
3
3
3
3
3
3
4

Course
General Biology I
General Biology II
General Chemistry I
General Chemistry II
Calculus I
Calculus II
Microbiology
Organic Chemistry I
Organic Chemistry II
Physics I
Physics II
Analytical Chemistry
Anatomy and Physiology I
Anatomy and Physiology II
Biochemistry
Pre-Medicine Seminar
Principles of Genetics
Cell Biology
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Pre-Pharmacy
Table A9.
STEM Courses for Pre-Pharmacy
Level
1
1
1
1
2
2
2
2
2
2
2
3
3
3
3
3
3

Course
General Biology I
General Biology II
General Chemistry I
General Chemistry II
Calculus I
Calculus II
Microbiology
Organic Chemistry I
Organic Chemistry II
Physics I
Physics II
Analytical Chemistry
Anatomy and Physiology I
Anatomy and Physiology II
Biochemistry
Pre-Pharmacy Seminar
Statistics
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Pre-Physical Therapy
Table A10.
STEM Courses for Pre-Physical Therapy
Level
1
1
1
1
1
1
2
2
2
2
2
2
3
3
3
3
3
3
4
5

Course
Algebra II
General Biology I
General Biology II
General Chemistry I
General Chemistry II
Trigonometry
Concepts of Physics I
Concepts of Physics II
Microbiology
Organic and Biological Chemistry**
Organic Chemistry I*
Organic Chemistry II*
Anatomy and Physiology I
Anatomy and Physiology II
Physical Therapy Internship I
Physical Therapy Internship II
Principles of Genetics**
Statistics
Cell Biology*
Biology elective**

Note. *Dropped from major during years of study; **added to major
during years of study.
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APPENDIX B – IRB Approval Letter

June 4, 2018
To Whom It May Concern,
I have reviewed the IRB Application of Aresia Watson (“Moderating Effect of
Homeschooling on Retention and Academic Achievement of STEM Majors at a Private,
Faith-Based, Liberal Arts College”) and I have determined that IRB review and approval of
this project is not required, given the nature of the data to be used.
If you have question about this, please contact me.
Sincerely,

Sam Bruton, Director
Samuel.Bruton@usm.edu

189

REFERENCES
Almasoud, S., & Fowler, S. R. (2016), The difference in the academic achievements of
homeschooled and non-homeschooled students. Home School Researcher 32(1),
1-4.
American Association of State Colleges and Universities. (2006). Graduation rates and
student success: Squaring means and ends. American Association of State
Colleges and Universities. Retrieved from
http://www.aascu.org/SearchResult.aspx?searchtext=graduation+rates+and+stude
nts+success&folderid=74&searchfor=all&orderby=id&orderdirection=ascending
Astin, A. W. (1975). Preventing students from dropping out. San Francisco: Jossey-Bass.
Astin, A. W. (1984). Student involvement: A developmental theory for higher education.
Journal of College Student Development, 40(5), 518-529.
Astin, A. W., & Astin, H. S. (1992). Undergraduate science education: The impact of
different college environments on the educational pipeline in the sciences. (ERIC
Document Reproduction Service No. ED 362404). Los Angeles: California
University, Higher Education Research Institute.
Barwegen, L. M., Falciani, N. K., Putnam, S. J., Reamer, M. B., & Stair, E. E. (2004).
Academic achievement of homeschool and public school students and student
perception of parent involvement. School Community Journal, 14(1), 39.
Basham, P., Hepburn, C. R., & Merrifield, J. (2007). Home schooling: from the extreme
to the mainstream. Vancouver, BC: Fraser Inst. Retrieved from
https://www.fraserinstitute.org/sites/default/files/Homeschooling2007.pdf

190

Bean, J. P. (2005). Nine themes of college student retention. In A. Seidman (Ed.),
College student retention formula for student success (pp. 215-243). Westport
CT: Praeger Publishers.
Becker, K., & Park, K. (2011). Effects of integrative approaches among science,
technology, engineering, and mathematics (STEM) subjects on students' learning:
A preliminary meta-analysis. Journal of STEM Education: Innovations and
Research, 12(5/6), 23.
Bolle-Brummond, M. B., & Wessel, R. D. (2012). Homeschooled students in college:
Background influences, college integration, and environmental pull factors.
Journal of Research in Education, 22(1), 223-249.
Bolle, M. B., Wessel, R. D., & Mulvihill, T. M. (2007). Transitional experiences of firstyear college students who were homeschooled. Journal of College Student
Development, 48(6), 637-654.
Braxton, J. M. (Ed.). (2002). Reworking the student departure puzzle. Nashville:
Vanderbilt University Press.
Braxton, J. M., & Lien, L. A. (2002). The viability of academic integration as a central
construct in Tinto’s interactionalist theory of college student departure. In J. M.
Braxton (Ed.), Reworking the student departure puzzle (pp. 11-28). Nashville:
Vanderbilt University Press.
Braxton, J. M., Sullivan, A. S., & Johnson, R. M. (1997). Appraising Tinto's theory of
college student departure. In J. C. Smart (Ed.), Higher education: A handbook of
theory and research (Vol. 12, pp. 107-164). New York: Agathon Press.

191

Bridgeman, B., Pollack, J., & Burton, N. (2008). Predicting grades in different types of
college courses. ETS Research Report Series, 2008(1).
Brier, E. M., Hirschy, A. S., & Braxton, J. M. (2008). In practice: The strategic retention
initiative: Theory‐based practice to reduce college student departure. About
Campus, 13(4), 18-20.
Burton, N., & Ramist, L. (2001). Predicting success in college: SAT studies of classes
graduating since 1980 (The College Board Research Report No. 2001-02).
Princeton, NJ: The College Board.
Bybee, R. W. (2010). What Is STEM Education? Science, 329(5995), 996-996.
Cannady, M. A., Greenwald, E., & Harris, K. N. (2014). Problematizing the STEM
pipeline metaphor: Is the STEM pipeline metaphor serving our students and the
STEM workforce? Science Education, 98(3), 443-460.
Carlson, K., Turvold Celotta, D., Curran, E., Marcus, M., & Loe, M. (2016). Assessing
the impact of a multi-disciplinary peer-led-team learning program on
undergraduate STEM education. Journal of University Teaching & Learning
Practice, 13(1), 1-21.
Carpi, A., Ronan, D. M., Falconer, H. M., & Lents, N. H. (2016). Cultivating minority
scientists: Undergraduate research increases self-efficacy and career ambitions for
underrepresented students in STEM. Journal of Research in Science Teaching,
54(2), 169-194.
Carr, R. L., Bennett, L. D., & Strobel, J. (2012). Engineering in the K-12 STEM
standards of the 50 U.S. States: An analysis of presence and extent. Journal of
Engineering Education, 101(3), 539-564.
192

Chang, M. J., Cerna, O., Han, J., & Sàenz, V. (2008). The contradictory roles of
institutional status in retaining underrepresented minorities in biomedical and
behavioral science majors. The Review of Higher Education, 31(4), 433-464.
Chen, X. (2009). Students who study science, technology, engineering, and mathematics
(STEM) in postsecondary education. Stats in Brief. (NCES 2009161.) Washington, DC: U.S. Department of Education, National Center for
Education Statistics.
Coalition for Responsible Home Education. (2017, November 12). Homeschool
Demographics. Retrieved from
https://www.responsiblehomeschooling.org/homeschooling-101/homeschooldemographics/
College Board. (2016). SAT Concordance Tables for Higher Education. Retrieved from
https://collegereadiness.collegeboard.org/educators/highered/scoring/concordance
Cogan, M. F. (2010). Exploring academic outcomes of homeschooled students. Journal
of College Admission, 208, 18-25.
Cromley, J. G., Perez, T., & Kaplan, A. (2016). Undergraduate STEM achievement and
retention. Policy Insights from the Behavioral and Brain Sciences, 3(1), 4-11.
Dasgupta, N., & Stout, J. G. (2014). Girls and women in science, technology,
engineering, and mathematics. Policy Insights from the Behavioral and Brain
Sciences, 1(1), 21-29.

193

Danbert, Samantha J., James M. Pivarnik, Richard N. McNeil, and Ira J. Washington
(2014). Academic success and retention: The role of recreational sports fitness
facilities. Recreational Sports Journal, 38(1), 14-22.
DeBerard, M. S., Spielmans, G., & Julka, D. (2004). Predictors of academic achievement
and retention among college freshmen: A longitudinal study. College Student
Journal, 38(1), 66-80.
Denton, A. (2012). The predictive relationship of pre-enrollment cognitive and noncognitive variables to student academic success and persistence during the first to
second academic year for first-year students enrolled at a Christian liberal arts
university (Doctoral dissertation). Available from ProQuest Dissertations &
Theses Global. (UMI No. 3516204)
Durkheim, E. (1897/1951). Suicide. (J. A. Spaulding & G. Simpson, Trans.). Glencoe:
The Free Press.
Eagan, M. K., Hurtado, S., Chang, M. J., Garcia, G. A., Herrera, F. A., & Garibay, J. C.
(2013). Making a difference in science education: The impact of undergraduate
research programs. American Educational Research Journal, 50(4), 683-713.
Ehrenberg, R. G. (2010). Analyzing the factors that influence persistence rates in STEM
field, majors: Introduction to the symposium. Economics of Education Review,
29(6), 888-891.
English, L. D. (2016). STEM education K-12: Perspectives on integration. International
Journal of STEM Education, 3(1).
Farenga, P. (1999). John Holt and the origins of contemporary homeschooling. Retrieved
from http://www.mhla.org/HoltOrigins.ht m
194

Feng, Y., Fiorini, S., Shepard, L., & Groth, D. (2017). The effect of grades in STEM
courses on retention. In S. Whalen (Ed.), Proceedings of the 13th National
Symposium on Student Retention, Destin, Florida. (p. 416-427). Norman, OK:
The University of Oklahoma.
Field, A. P. (2013). Discovering statistics using SPSS (4th ed.). London: SAGE
Fink-Glass, S. (2016). To college they go: A multiple case study of seven homeschooled
graduates' transition from home to college (Doctoral dissertation). Available from
ProQuest Dissertations & Theses Global. (Order No. 10250168)
Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor, N., Jordt, H., &
Wenderoth, M. P. (2014). Active learning increases student performance in
science, engineering, and mathematics. Proceedings of the National Academy of
Sciences, 111(23), 8410-8415.
Gandhi-Lee, E., Skaza, H., Marti, E., Schrader, P., & Orgill, M. (2017). Faculty
perceptions of student recruitment and retention in STEM fields. European
Journal of STEM Education, 2(1), 1-11.
Gasiewski, J. A., Eagan, M. K., Garcia, G. A., Hurtado, S., & Chang, M. J. (2011). From
gatekeeping to engagement: A multicontextual, mixed method study of student
academic engagement in introductory STEM courses. Research in Higher
Education, 53(2), 229-261.
Gennep, A. V. (1909/1960). The rites of passage (M. Vizedon & G. Caffee, Trans.).
Chicago: University of Chicago Press.

195

Gilmore, J., Vieyra, M., Timmerman, B., Feldon, D., & Maher, M. (2015). The
relationship between undergraduate research participation and subsequent
research performance of early career STEM graduate students. The Journal of
Higher Education, 86(6), 834-863.
Gloeckner, G. W., & Jones, P. (2013). Reflections on a decade of changes in
homeschooling and the homeschooled into higher education. Peabody Journal of
Education, 88(3), 309-323.
Gonzalez, H. B., & Kuenzi, J. J. (2012). Science, technology, engineering, and
mathematics (STEM) education: A primer (CSR Report No. 7-5700). Retrieved
from Congressional Research Service: http://fas.org/sgp/crs/misc/R42642.pdf
Graham, M. J., Frederick, J., Byars-Winston, A., Hunter, A., & Handelsman, J. (2013).
Increasing persistence of college students in STEM. Science, 341(6153), 14551456.
Green, A., & Sanderson, D. (2017). The roots of STEM achievement: An analysis of
persistence and attainment in STEM Majors. The American Economist, 63(1), 7993.
Griffith, A. L. (2010). Persistence of women and minorities in STEM field majors: Is it
the school that matters? Economics of Education Review, 29(6), 911-922.
Grover, S., & Pea, R. (2013). Computational thinking in K–12: A review of the state of
the field. Educational Researcher, 42(1), 38-43.
Haak, D. C., HilleRisLambers, J., Pitre, E., & Freeman, S. (2011). Increased structure and
active learning reduce the achievement gap in Introductory Biology. Science,
332(6034), 1213-1216.
196

Hadlock, H. L. (2012). Student departure decisions at a private Christian university:
Differences in student expectations and experiences (Doctoral dissertation).
Available from ProQuest Dissertations & Theses Global. (UMI No. 3547016)
Higher Education Research Institute (HERI). (2010, January) Degrees of success:
bachelor’s degree completion rates among initial STEM majors.
HERI/Cooperative Institutional research program (CIRP) Research Brief
Hill, P. T. (2000). Home schooling and the future of public education. Peabody Journal
of Education, 75(1-2), 20-31.
Holder, M. A. (2001). Academic achievement and socialization of college students who
were home schooled (Doctoral dissertation). Available from ProQuest
Dissertations & Theses Global. (UMI No. 3029894)
Holt, J. C. (1982). Teach your own. New York: Delacorte.
Holt, J. C., & Fromme, A. (1964). How children fail. New York: Pitman.
Honey, M., Pearson, G., & Schweingruber, H. (Eds.). (2014). STEM integration in K-12
education: Status, prospects, and an agenda for research. Washington, D.C.:
National Academies Press.
Isenberg, E. (2017). Using survey data sets to study homeschooling. In M. Gaither
(Ed.), The Wiley handbook of home education. Chichester, UK: John Wiley &
Sons, Inc.
Jenkins, T. P. (1998). The performance of home-schooled students in community colleges
(Doctoral dissertation). Available from ProQuest Dissertations & Theses Global.
(UMI No. 9829496).

197

Jones, P., & Gloeckner, G. (2004). First year college performance: A study of home
school graduates and traditional school graduates. Journal of College Admission,
183, 17-20.
Kelly, D. J. (2015). Determinants of proficiency for homeschooled students: The college
admissions process and it's relationship to homeschooling. Retrieved from
https://discoverarchive.vanderbilt.edu/bitstream/handle/1803/7139/Determinants
%20of%20Proficiency%20in%20Homeschooled%20Students.pdf?sequence=1&i
sAllowed=y
Kena, G., Hussar, W., McFarland, J., de Brey, C., Musu-Gillette, L., Wang, X., . . . &
Barmer, A. (2016). The condition of education 2016. NCES 2016-144. National
Center for Education Statistics.
Kokkelenberg, E.C. & Sinha, E. (2010). Who succeeds in STEM studies? An analysis of
Binghamton University undergraduate students [Electronic version]. Retrieved
from Cornell University, School of Industrial and Labor Relations site: Retrieved
from http://digitalcommons.ilr.cornell.edu/workingpapers/120/
Kramer, B. G. (2012). From homeschool to the community college: A multiple case study
(Doctoral dissertation). Available from ProQuest Dissertations & Theses Global.
(UMI No. 3506939)
Kranzow, J. M. (2005). Taking a different path: The college experiences of homeschooled
students (Doctoral dissertation). Available from ProQuest Dissertations & Theses
Global. (UMI No. 3151767)

198

Kuh, G. D., Cruce, T. M., Shoup, R., Kinzie, J., & Gonyea, R. M. (2008). Unmasking the
effects of student engagement on first-year college grades and persistence. The
Journal of Higher Education, 79(5), 540-563.
Kingston, S. T., & Medlin, R. G. (2006). Empathy, altruism, and moral development in
home schooled children. Home School Researcher, 16(4), 1-10. Retrieved from
https://files.eric.ed.gov/fulltext/ED573484.pdf
Kunzman, R., & Gaither, M. (2013). Homeschooling: A comprehensive survey of the
research. Other Education, 2(1), 4-59.
Lattibeaudiere, V. H. 2000. An exploratory study of the transition and adjustment of
former home -schooled students to college life (Doctoral dissertation). Available
from ProQuest Dissertations & Theses Global. (UMI No. 9973466)
Lines, P. M. (1991). Estimating the home schooled population (OR-91-537) (Office of
Research U.S. Department of Education). Washington, DC: U.S. Dept. of
Education, Office of Educational Research and Improvement, Educational
Resources Information Center. Retrieved from
https://files.eric.ed.gov/fulltext/ED337903.pdf
Lines, P. M. (1994). Homeschooling: private choices and public obligations, rev.
Washington, DC: Office of Research, Office of Educational Research and
Improvement, U.S. Dept. of Education. Retrieved from
http://patricialines.com/files/private%20choices.pdf

199

Litscher, K. M. (2015). The relationship of high school type to persistence and grade
point average of first-year students at faith-based liberal arts colleges (Doctoral
Dissertation). Available from ProQuest Dissertations & Theses Global. (Order
No. 10006711)
Lubienski, C., Puckett, T., & Brewer, T. J. (2013). Does homeschooling “work”? A
critique of the empirical claims and agenda of advocacy organizations. Peabody
Journal of Education, 88(3), 378-392.
Lyon, G. H., Jafri, J., & St Louis, K. (2012). Beyond the pipeline: STEM pathways for
youth development. Afterschool Matters, 16, 48-57.
Maltese, A. V., & Tai, R. H. (2011). Pipeline persistence: Examining the association of
educational experiences with earned degrees in STEM among U.S. students.
Science Education, 95(5), 877-907.
Marrero, M. E., Gunning, A. M., & Germain-Williams, T. (2014). What is STEM
education? Global Education Review, 1(4), 1-6.
Martin-Chang, S., Gould, O. N., & Meuse, R. E. (2011). The impact of schooling on
academic achievement: Evidence from homeschooled and traditionally schooled
students. Canadian Journal of Behavioural Science, 43(3), 195.
Mcculloch, D. S., Savage, A., & Schmal, L. (2013). Admission officers’ impressions of
homeschooled applicants in evangelical and nonevangelical colleges and
universities. Christian Higher Education, 12(3), 215-224.

200

McQuiggan, M., & Megra, M. (2017). Parent and family involvement in education:
Results from the National Household Education Surveys program of 2016. First
Look. NCES 2017-102. National Center for Education Statistics. Retrieved from
https://archive.org/details/ERIC_ED575972
Medlin, R. (2000). Home schooling and the question of socialization. Peabody Journal of
Education, 75(1), 107-123.
Medlin, R. G. (2013). Homeschooling and the question of socialization revisited.
Peabody Journal of Education, 88(3), 284-297.
Meyers, L. S., Gamst, G., & Guarino, A. J. (2013). Applied multivariate research: Design
and interpretation (2nd ed.). Los Angeles: SAGE.
Moore, R. S., & Moore, D. N. (1982). Home-spun schools: teaching children at home-what parents are doing and how they are doing it. Nashville, TN: W Publishing
Group.
Moore, R., & Moore, D. N. (1984). Home grown kids. Nashville, TN: W Publishing
Group.
Murtaugh, P. A., Burns, L. D., & Schuster, J. (1999). Predicting the retention of
university students. Research in Higher Education, 40(3), 355-371.
Murphy, J. (2012). Homeschooling in America: Capturing and assessing the movement.
Corwin Press.
Nagda, B. A., Gregerman, S. R., Jonides, J., Hippel, W. V., & Lerner, J. S. (1998).
Undergraduate student-faculty research partnerships affect student retention. The
Review of Higher Education, 22(1), 55-72.

201

National Center for Education Statistics (NCES). (2011). Web tables—Six-year
attainment, persistence, transfer, retention, and withdrawal rates of students who
began postsecondary education in 2003-04. Retrieved from
https://nces.ed.gov/pubs2011/2011152.pdf
National Center for Education Statistics (NCES). (2016). Web tables--First-time
postsecondary students in 2011–12: Three-year retention and attainment at first
institution. Retrieved from https://nces.ed.gov/pubs2016/2016137.pdf
National Center for Education Statistics (NCES). (2017). Beginning college students who
change their majors within 3 years of enrollment. Retrieved from
https://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=2018434
National Center for Education Statistics, Parent and Family Involvement in Education
Survey of the National Household Education Surveys Program (NCES-PFI).
(2014, November). Table 206.10. Number and percentage of homeschooled
students ages 5 through 17 with a grade equivalent of kindergarten through 12th
grade, by selected child, parent, and household characteristics: 2003, 2007, and
2012 (PFI-NHES: 2003, 2007, and 2012). Retrieved from
https://nces.ed.gov/programs/digest/d13/tables/dt13_206.10.asp
National Research Council (NRC). (2011). Successful K-12 STEM education: Identifying
effective approaches in science, technology, engineering, and mathematics.
Washington, D.C.: National Academies Press.

202

National Science Board (NSB). (2015). Revisiting the STEM workforce: A companion to
science and engineering indicators 2014 (NSB Publication No. NSB-2015-10).
Arlington, VA: National Science Foundation. Retrieved from
http://www.nsf.gov/nsb/publications/2015/nsb201510.pdf
Noel, A., Stark, P., & Redford, J. (2013). Parent and Family Involvement in Education,
from the National Household Education Surveys Program of 2012. First Look.
NCES 2013-028. National Center for Education Statistics.
Nora, A., Barlow, E., & Crisp, G. (2005). Student persistence and degree attainment
beyond the first year in college. In A. Seidman (Ed.), College student retention
formula for student success (pp. 129-153). Westport CT: Praeger Publishers.
Olson, S., & Riordan, D. G. (2012). Engage to excel: Producing one million additional
college graduates with degrees in science, technology, engineering, and
mathematics. Report to the President. Executive Office of the President. Retrieved
from https://files.eric.ed.gov/fulltext/ED541511.pdf
Ost, B. (2010). The role of peers and grades in determining major persistence in the
sciences. Economics of Education Review, 29(6), 923-934.
Pascarella, E. T., & Terenzini, P. T. (1980). Predicting freshman persistence and
voluntary dropout decisions from a theoretical model. The Journal of Higher
Education, 51(1), 60-75.
Pascarella, E. T., & Terenzini, P. T. (1983). Predicting voluntary freshman year
persistence/withdrawal behavior in a residential university: A path analytic
validation of Tinto's model. Journal of Educational Psychology, 75(2), 215.

203

Pascarella, E. T., & Terenzini, P. T. (2005). How college affects students: A third decade
of research (Vol. 2). San Francisco: Jossey-Bass .
Pedone, M. H. (2016). Persistence of undergraduate women in STEM fields (Doctoral
Dissertation). Retrieved from ProQuest (Order No. 10112407).
Peterson, S. L. (1993). Career decision-making self-efficacy and institutional integration
of underprepared college students. Research in Higher Education, 34(6), 659-685.
Program for International Student Assessment (PISA-Findings) - Selected Findings from
PISA 2015. (n.d.). Retrieved from
https://nces.ed.gov/surveys/pisa/pisa2015/pisa2015highlights_1.asp
Program for International Student Assessment (PISA-Trends) - Trends in Student
Performance: Trends in U.S. Performance. (n.d.). Retrieved from
https://nces.ed.gov/surveys/pisa/pisa2015/pisa2015highlights_6.asp
Rask, K. (2010). Attrition in STEM fields at a liberal arts college: The importance of
grades and pre-collegiate preferences. (Working Paper). Retrieved from Cornell
University, School of Industrial and Labor Relations site:
http://digitalcommons.ilr.cornell.edu/workingpapers/118/
Ray, Brian D. (2000). Home schooling: The ameliorator of negative influences on
learning? Peabody Journal of Education, 75(1 & 2), 71-106.
Ray, B. D. (2004a). Home educated and now adults: Their community and civic
involvement, views about homeschooling, and other traits. Salem, OR: National
Home Education Research Institute.
Ray, B. D. (2004b). Homeschoolers on to college: What research shows us. Journal of
College Admission, 185, 5-11.
204

Ray, B. D. (2005a). A homeschool research story. In B. S. Cooper (Ed.), Home schooling
in full view: A reader (pp. 1-19). Greenwich, CT: Information Age Publishing.
Ray, Brian D. (2005b). Worldwide guide to homeschooling. Nashville, TN: Broadman &
Holman Publishers.
Ray, B. (2010). Academic achievement and demographic traits of homeschool students:
A nationwide study. Academic Leadership: The Online Journal, 8(1), 7. Retrieved
from: https://scholars.fhsu.edu/cgi/viewcontent.cgi?article=1366&context=alj
Ray, B. (2015). African American homeschool parents’ motivations for homeschooling
and their Black children’s academic achievement. Journal of School Choice, 9(1),
71-96.
Ray, B. D. (2016). Research Facts on Homeschooling. National Home Education
Research Institute. Retrieved from https://www.nheri.org/ResearchFacts.pdf
Ray, B. (2017a). A review of research on homeschooling and what might educators learn.
Pro-Posições, 28(2), 85-103.
Ray, B. D. (2017b). A systematic review of the empirical research on selected aspects of
homeschooling as a school choice. Journal of School Choice, 11(4), 604-621.
Redford, J., Battle, D., & Bielick, S. (2016). Homeschooling in the United States: 2012.
NCES 2016-096. National Center for Education Statistics.
Reimer, L. C., Schenke, K., Nguyen, T., O’Dowd, D. K., Domina, T., & Warschauer, M.
(2016). Evaluating promising practices in undergraduate STEM lecture courses.
RSF: The Russell Sage Foundation Journal of the Social Sciences, 2(1), 212-233.

205

Rockland, R., Bloom, D. S., Carpinelli, J., Burr-Alexander, L., Hirsch, L. S., & Kimmel,
H. (2010). Advancing the “E” in K-12 STEM education. The Journal of
Technology Studies, 36(1).
Rohr, S. L. (2012). How well does the SAT and GPA predict the retention of science,
technology, engineering, mathematics, and business students. Journal of College
Student Retention: Research, Theory & Practice, 14(2), 195-208.
Rudner, L. M. (1999). Scholastic achievement and demographic characteristics of home
school students in 1998. Education Policy Analysis Archives, 7(8), n8. Retrieved
from https://epaa.asu.edu/ojs/article/viewFile/543/666
Russell, S. H., Hancock, M. P., & McCullough, J. (2007). The pipeline: Benefits of
undergraduate research experiences. Science, 316(5824), 548-549.
doi:10.1126/science.1140384
Sabot, R., & Wakeman-Linn, J. (1991). Grade inflation and course choice. Journal of
Economic Perspectives, 5(1), 159-170.
Saunders, M. K. (2006). Comparing the first year experiences and persistence rates of
previously homeschooled college freshmen to college freshmen who were not
homeschooled (Doctoral dissertation). Available from ProQuest Dissertations &
Theses Global. (UMI No. 3269189)
Semega, J. L., Fontenot, K. R., & Kollar, M. A. (2017, September 12). Income and
poverty in the United States: 2016. Retrieved from
https://www.census.gov/library/publications/2017/demo/p60-259.html

206

Shapiro, D., Dundar, A., Wakhungu, P. K., Yuan, X., Nathan, A., & Hwang, Y. (2017).
Completing College: A State-Level View of Student Attainment Rates (Signature
Report No. 12a). National Student Clearinghouse.
Shaw, E. J., & Barbuti, S. (2010). Patterns of persistence in intended college major with a
focus on STEM majors. NACADA Journal, 30(2), 19-34.
Smedley, T. C. (1992). Socialization of home school children. Home School Researcher,
8(3), 9-16.
Smith, T. Y. (2000). 1999-2000 SMET retention report: The retention and graduation
rates of 1992-98 entering science, mathematics, engineering and technology
majors in 119 colleges and universities. Norman, OK: University of Oklahoma,
Center for Institutional Data Exchange and Analysis.
Snyder, M. (2011) An evaluative study of the academic achievement of homeschooled
students versus traditionally schooled students attending a Catholic university
(Doctoral dissertation). Available from ProQuest Dissertations & Theses Global.
(UMI No. 3492700)
Snyder, T. D., de Brey, C., & Dillow, S. A. (2018). Digest of Education Statistics 2016,
NCES 2017-094. National Center for Education Statistics.
Soper, D. S. (2013) Interaction! Retrieved from http://www.danielsoper.com/Interaction/.
Spady, W. G. (1970). Dropouts from higher education: An interdisciplinary review and
synthesis. Interchange, 1(1), 64-85.
Stevens, M. L. (2003). The normalisation of homeschooling in the USA. Evaluation &
Research in Education, 17(2-3), 90-100.

207

Stephens, M., Landeros, K., Perkins, R., & Tang, J. H. (2016). Highlights from TIMSS
and TIMSS Advanced 2015: Mathematics and Science Achievement of US
Students in Grades 4 and 8 and in Advanced Courses at the End of High School in
an International Context. NCES 2017-002. National Center for Education
Statistics. Retrieved from https://files.eric.ed.gov/fulltext/ED570893.pdf
Stets, J. E., Brenner, P. S., Burke, P. J., & Serpe, R. T. (2017). The science identity and
entering a science occupation. Social Science Research, 64, 1-14.
Sutton, J. P. & Galloway, R. S. (2000). College success of students from three high
school settings. Journal of Research and Development in Education, 33(3), 137146.
Tekin, A. (2014). Early prediction of students’ grade point averages at graduation: A data
mining approach. Eurasian Journal of Educational Research 54, 207-226.
Trenshaw, K. F., Targan, D. M., & Valles, J. M. (2016). Closing the achievement gap in
STEM: A two-year reform effort at Brown University. Proceedings from ASEE
NE ‘16: The American Society for Engineering Education Northeast Section 2016
Conference. Retrieved from https://egr.uri.edu/asee2016/proceedings-of-the-aseene-2016-conference/
Tinto, V. (1975). Dropout from higher education: A theoretical synthesis of recent
research. Review of Educational Research, 45(1), 89.
Tinto, V. (1988). Stages of student departure: Reflections on the longitudinal character of
student leaving. The Journal of Higher Education, 59(4), 438-455.
Tinto, V. (1993). Leaving college: Rethinking the causes and cures of student attrition
(2nd ed.). Chicago: The University of Chicago Press.
208

Tinto, V. (1999). Taking retention seriously: Rethinking the first year of college.
NACADA Journal, 19(2), 5-9.
Tinto, V. (2006). Research and practice of student retention: What next? Journal of
College Student Retention: Research, Theory and Practice, 8(1), 1-19.
Tinto, V. (2012). Completing college: Rethinking institutional action. Chicago, IL:
University of Chicago Press.
Toven-Lindsey, B., Levis-Fitzgerald, M., Barber, P. H., & Hasson, T. (2015). Increasing
persistence in undergraduate science majors: A model for institutional support of
underrepresented students. Cell Biology Education, 14(2).
Trenshaw, K. F., Targan, D. M., & Valles, J. M. (2016). Closing the achievement gap in
STEM: A two-year reform effort at Brown University. Proceedings from ASEE
NE ‘16: The American Society for Engineering Education Northeast Section 2016
Conference. Retrieved from https://egr.uri.edu/asee2016/proceedings-of-the-aseene-2016-conference/
Watkins, J., & Mazur, E. (2013). Retaining students in science, technology, engineering,
and mathematics (STEM) majors. Journal of College Science Teaching, 42(5),
36-41.
Watt, H. M. G., Shapka, J. D., Morris, Z. A., Durik, A. M., Keating, D. P., & Eccles, J. S.
(2012, April 2). Gendered motivational processes affecting high school
mathematics participation, educational aspirations, and career plans: A
comparison of samples from Australia, Canada, and the United States.
Developmental Psychology. Advance online publication.

209

Westrick, P. A., Le, H., Robbins, S. B., Radunzel, J. M., & Schmidt, F. L. (2015).
College performance and retention: A meta-analysis of the predictive validities of
ACT®Scores, high school grades, and SES. Educational Assessment, 20(1), 2345.
White, S., Moore, M., & Squires, J. (2009). Examination of previously homeschooled
college students with the big five model of personality. Home School
Researcher, 25(1), 1-7.
White, S., Williford, E., Brower, J., Collins, T., Merry, R., & Washington, M. (2007).
Emotional, social and academic adjustment to college: A comparison between
Christian home schooled and traditionally schooled college freshmen. Home
School Researcher, 17(4), 1-7. Retrieved from
https://www.nheri.org/2007/12/31/homeschooled-students-adjustment-to-college/
Wilson, K. M. (1983). A review of research on the prediction of academic performance
after the freshman year. ETS Research Report Series, 1983(1).
Wilson, Z. S., Holmes, L., DeGravelles, K., Sylvain, M. R., Batiste, L., Johnson, M., . . .
Warner, I. M. (2011). Hierarchical mentoring: A transformative strategy for
improving diversity and retention in undergraduate STEM disciplines. Journal of
Science Education and Technology, 21(1), 148-156.
Yu, M. C., Sackett, P. R., & Kuncel, N. R. (2016). Predicting college performance of
homeschooled versus traditional students. Educational Measurement: Issues and
Practice, 35(4), 31-39.

210

